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ABSTRACT 
 
Introduction 
The Research Project Sponsor, Mr. Graham Wood (Director Aerospace Innovations), 
owns and operates a Raytheon Beechcraft Bonanza Model A36 aircraft. The approved 
autopilot for the aircraft is a Century III three axis autopilot system.  
 
The functionality provided by the pitch axis channel lacks the sophistication of a 
modern autopilot system. Additionally, the analogue control modules for the respective 
channels are becoming increasingly unsupportable due to their age. 
 
Objectives 
The objectives of the Research Project are to: 
 Analyse and design a microprocessor based pitch control module to replace the 
existing pitch analogue control module in the Sponsor’s aircraft. 
 Incorporate the Sponsor’s design requirements as per the Sponsor Brief. 
 Activate the pitch trim as the means controlling the aircraft. 
 
Methodology 
Effective control of the configuration of an aircraft is an essential condition for the 
management of airworthiness and for the maintenance of Type Certification. 
Configuration control during the design process is achieved by establishing baselines at 
various stages. The baselines are realised via the application of systems engineering 
process.  
 
System Design 
Analysis and design was undertaken in four phases: 
 General Literature Review 
 Conceptual Design 
 Preliminary Design 
 Detailed Design 
 
The General Literature Review established that activating the pitch trim tab represents a 
departure from conventional autopilot practice. Notwithstanding, the concept has been 
successfully implemented on a production aircraft, the Boeing 707.  
 
Conceptual Design established that the Sponsor’s aircraft can be controlled by manual 
manipulation of the trim tab to achieve a prompt attitude change and to accurately 
acquire and hold a desired altitude. A system specification was developed to reflect all 
stakeholders’ requirements. 
 
Preliminary design has established a physical architecture and allocated requirements to 
each Configuration Item. Interface requirements were also defined. System modelling 
verified the controller architecture. Commercially available components were identified 
where possible. 
 
Detailed design of the remaining components is in progress. The control requirements 
for the pitch trim have been analysed to establish the specific hardware and software 
requirements. A control algorithm was developed. Simulation of the aircraft response 
has realised anomalies that are currently undergoing investigation. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1   Introduction 
 
The Research Project Sponsor, Mr. Graham Wood, owns and operates a Raytheon 
Beechcraft Bonanza Model A36 aircraft Serial Number E584. The approved 
autopilot for the aircraft is a Century III three axis autopilot system.  
 
 
1.2    Statement of Problem 
 
The functionality provided by the autopilot pitch channel lacks the sophistication 
of a modern system. Additionally, the control modules for the respective channels 
are becoming increasingly unsupportable due to their age. 
 
 
1.3   Research Objectives 
 
The objectives of the research are to: 
a. analyse and design a microprocessor based pitch control module to replace 
the existing pitch analogue control module in the Sponsor’s aircraft, 
b. incorporate the Sponsor’s design requirements as per the Sponsor Brief, and 
c. activate the pitch trim as the means controlling the aircraft. 
 
 
1.4   Project Methodology 
 
The project was undertaken in five main phases: 
a. Planning, 
b. Literature Review, 
c. Conceptual Design, 
d. Preliminary Design, and 
e. Detailed Design. 
 
 
1.5   Conclusion:  Chapter 1 
 
The Research Project aims to analyse and design a microprocessor based pitch 
control module to address functionality and supportability issues in the Sponsor’s 
aircraft. The Sponsor has also requested that the pitch trim be activated by the 
module to control the aircraft attitude – in order to control altitude. The project is 
to be undertaken in five main phases that address the planning, literature review, 
and design aspects. 
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CHAPTER 2 
 
PROJECT MANAGEMENT 
 
2.1   Introduction 
 
Project management encompasses the four standard project life cycle phases: 
Concept, Development, Implementation, and Finalisation. Management is 
achieved via the Project Plan. The purpose of the Project Plan is to disclose to the 
Sponsor and other key stakeholders the planning and control methodology to be 
applied to the project to produce the desired outcomes.  
 
The complete Project Plan V2.0 is provided at Appendix A. V1.0 was approved 
and signed by the Supervisor, Professor Billingsley. V2.0 is issued with this 
Dissertation. It was approved verbally by Professor Ross (02 Oct 06) and 
Professor Billingsley (03 Oct 06). A summary of key details is provided in 
subsequent paragraphs of this chapter. 
 
 
2.2   Project Selection 
 
The project is being undertaken to satisfy the USQ Bachelor of Engineering 
Research Project (ENG 4111/4112) requirements. The option to undertake an 
‘Own Project’ was elected. The proposed project topic was selected to: 
a. develop knowledge of systems engineering in the aeronautical sector, and 
b. resolve supportability issues and introduce improved functionality for the 
Sponsor’s pitch control module as installed in the Raytheon Beechcraft 
Bonanza Model A36 aircraft. 
 
 
2.3   Project Stakeholders 
 
The key stakeholders in the project are: 
a. Associate Professor Frank Young (USQ ENG 4111/4112 Examiner), 
b. Mr. Graham Wood (Sponsor),  
c. Professor John Billingsley (USQ appointed Project Supervisor), and 
d. Mr. Ian Kearsley (CASA). 
 
 
2.4   Project Objectives 
 
The objectives of the project are: 
a. Primary. To satisfy the USQ Bachelor of Engineering Research Project 
(ENG 4111/4112) requirements as detailed in the Project Reference Book 
(Young 2006); and 
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b. Secondary. To analyse and design a microprocessor based pitch control 
module to replace the existing pitch control analogue module in the 
Sponsor’s Raytheon Beechcraft Bonanza Model A36 aircraft and active the 
pitch trim as per the Sponsor Brief design requirements. 
 
 
2.5   Project Scope 
 
The core deliverables to achieve the stated project objectives are as follows: 
a. Operational Concept Document, 
b. Type A (System) Specification, 
c. Type B (Development) Specifications, 
d. Type C (Product) Specifications, and 
 
 
2.6   Project Schedule  
 
The project phases to achieve the stated objectives are detailed in Table 2.1 as 
follows: 
 
Table 2.1:  Project Phases 
PHASE NAME START FINISH 
1 Topic Negotiation 01 Feb 06 15 Mar 06 
2 Planning 01 Feb 06 27 Mar 06 
3 Literature Review 27 Mar 06 22 May 06 
4 Conceptual Design 22 May 06 19 Jun 06 
5 Preliminary Design 19 Jun 06 17 Jul 06 
6 Detailed Design 31 Jul 06 02 Oct 06 
7 Final Reporting 09 Oct 06 02 Nov 06 
8 Project Close-out 02 Nov 06 30 Nov 06 
 
 
2.7   Project Budget 
 
The project budget, excluding the cost associated with flight trials, was capped at 
$400. 
 
 
2.8   Assessment of Consequential Effects 
 
2.8.1   Sustainability 
 
The realisation of the physical design is not expected to generate an impact on 
the environment in addition to what would be expected from normal operation 
of the Sponsor’s aircraft. Should operational testing of the design confirm that 
the pitch trim can effectively control the aircraft the Sponsor may wish to 
pursue options to modify the approved baseline of the aircraft. This may result 
in the removal of the elevator servo components.  
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Disposal of these components needs to be in accordance with recognised local 
procedures. Similarly, any residual materials from the installation/removal 
process would also have to be treated in accordance with these procedures. 
 
2.8.2   Safety 
 
Airworthiness and flight safety are principal design considerations for the 
project. Partial performance or failure of the design could have catastrophic 
consequences, therefore compliance with the CASA regulations is the 
minimum performance goal. This is to be demonstrated via application of the 
systems engineering approach outlined in Chapter 3 - Design Methodology. 
 
Equally important is the safety of maintenance personnel and operators. All 
hazards, which can not be removed during design, will be captured and defined 
as required in the installation instructions, maintenance manuals, and operating 
instructions. Procedures will be provided to mitigate the residual hazards.  
 
2.8.3   Ethics 
 
The Engineers Australia Code of Ethics was reviewed. There were no issues 
identified relating to the Code throughout the project. 
 
2.9   Conclusion:  Chapter 2 
 
A project plan was initiated to disclose the planning and control methodology to 
be applied to the project during the four standard project life cycle phases. The 
project topic selection was justified and the project objectives defined. This was 
further decomposed to detail the project scope, schedule, and budget.  
 
An assessment of consequential effects was undertaken. The key element arising 
from the assessment is the requirement for the design phases to consider 
airworthiness and flight safety. Compliance with the CASA regulations is the 
minimum performance goal. This is to be demonstrated via application of the 
systems engineering approach. 
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CHAPTER 3 
 
DESIGN METHODOLOGY 
 
3.1   Introduction 
 
Airworthiness is defined as ‘…a concept, the application of which defines the 
condition of an aircraft and supplies the basis for judgement of the suitability for 
flight of that aircraft, in that it has been designed, constructed, maintained and is 
expected to be operated to approved standards…’ (DI (G) OPS 2-2 Australian 
Defence Force Airworthiness Management 2000). This chapter details the design 
methodology to be applied to ensure continued airworthiness of the Sponsor’s 
aircraft. 
 
 
3.2   Configuration Management 
 
Effective control of the configuration of an aircraft is an essential condition for the 
management of airworthiness and for the maintenance of Type Certification (AAP 
7001.047 Defence Aerospace Configuration Management Manual 2003).  
 
During the design process configuration control is achieved by establishing 
baselines at various stages to provide an agreed description of the attributes of a 
product at that time (EIA-649 National Consensus Standard for Configuration 
Management n.d.). As defined in AAP 7001.047 the prescribed definitions are 
the: 
a. Functional Baseline, 
b. Allocated Baseline, and 
c. Product Baseline. 
 
Whilst the airworthiness and configuration control concepts are derived from 
policy pertaining to State Registered Australian Defence Force aircraft they are 
applicable to aircraft on the Civil Register.  
 
 
3.3   Systems Engineering 
 
3.3.1   Overview 
 
The realisation of the baselines detailed in paragraph 3.2 results from the 
application of systems engineering processes. The systems engineering process 
defined in the Systems Engineering Body of Knowledge (SEBOK) 
(Faulconbridge 2001) was selected as the protocol for developing the design 
solution. 
 
A cornerstone of the process is traceability of design requirements through all 
levels of the design activity. This facilitates effective configuration 
management which is paramount to the management of airworthiness. A 
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pictorial representation of the systems engineering process has been extracted 
from the SEBOK and provided at Appendix B. Each design phase detailed in 
the SEBOK will now be summarised. 
 
3.3.2 Conceptual Design 
 
Conceptual design is the initial design effort aimed at articulating the 
Sponsor’s and other stakeholder’s needs. The high level needs are recorded in 
the Operational Concept Document (OCD) which is developed in consultation 
with the stakeholders. The needs are then analysed to produce a clearly defined 
set of user functional requirements at the system level. This process establishes 
the Functional Baseline. This is represented by the System or Type A 
Specification. 
 
3.3.3 Preliminary Design 
 
The aim of preliminary design is to convert the Functional Baseline into a 
preliminary definition of the system architecture. This represents the initial 
attempt at physical design. The process is iterative and comprises requirements 
analysis, synthesis, and evaluation.  
 
The result is a sub-system level design referred to as the Allocated Baseline. It 
indicates that the functional requirements have been grouped together logically 
and allocated to sub-system level components, which combine to form the 
overall system design. This is represented by the Development or Type B 
Specifications. 
 
3.3.4 Detailed Design 
 
The Allocated Baseline is utilised in the detailed design process to commence 
development of the individual products or components in the system via the 
iterative process of analysis, synthesis, and evaluation. Prototyping may occur 
at this stage. Test and evaluation of the system confirms the design.  
 
The result is the establishment of the Product Baseline. This is represented by 
the Product or Type C Specifications. The system is now defined by the 
collection of products that make up the total system. System definition is 
sufficient to commence construction activities. 
 
3.3.5   Construction & Operational Use 
 
The final two phases of the systems engineering process are construction and 
operational use. These are beyond the objectives and scope of the project.  
 
3.3.6   Developmental Test & Evaluation 
 
The test and evaluation regime will be documented in the Test and Evaluation 
Master Plan. Verification may take the form of demonstration, test, similarity, 
analysis, inspection, or a combination. 
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3.4   Design Approvals 
 
CASA is the Australian regulatory authority. CASA was contacted to provide 
guidance on how to best proceed with the Project. Ian Kearsley, the Airworthiness 
Representative at Bankstown Airport, provided the following guidance (2006, 
pers. comm. 05 May): 
a. To enable prototype testing on the aircraft, an Experimental Certificate must 
be obtained from CASA. There is no regulatory requirement for a formal 
design review and approval by a CASA approved engineer prior to issue of 
this Certificate. Issue is based on an assessment of the airworthiness risk due 
to the design change being trialled. 
b. To manufacture a product an Australian Parts Manufacture Approval must 
be obtained. To modify the approved baseline of an aircraft a Supplemental 
Type Certificate must be obtained. In each case the design requires formal 
design review and approval by a CASA approved engineer.  
c. The minimum design standard required is that outlined in the relevant US 
Federal Aviation Administration Technical Standard Order . 
 
To facilitate the assessment for issue of the Experimental Certificate the OCD; 
Type A, B, and C Specifications; and the Test and Evaluation Master Plan will be 
submitted at a future date to be decided upon by the Sponsor. 
 
 
3.5   Conclusion:  Chapter 3 
 
Effective control of the configuration of an aircraft is an essential condition for the 
management of airworthiness. During the design process configuration control is 
achieved by establishing baselines at various stages. The realisation of the 
baselines results from the application of systems engineering processes.  
 
The process defined in the SEBOK (Faulconbridge 2001) was selected as the 
protocol for developing the design solution and associated deliverables defined in 
the project scope. The output specifications from the conceptual, preliminary, and 
detailed design phases represent the Functional, Allocated and Product Baselines 
respectively.  
 
The test and evaluation regime will be documented in a Test and Evaluation 
Master Plan. All systems engineering deliverables will be reviewed by CASA in 
the future with the aim of obtaining an Experimental Certificate so that prototype 
development and testing can be undertaken on the aircraft. 
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CHAPTER 4 
 
LITERATURE REVIEW 
 
4.1   Introduction 
 
This chapter details the literature that was reviewed as a precursor to the design 
phases detailed in the preceding chapter. The purpose of the review is twofold: 
a. to gain prerequisite knowledge to undertake the design, and 
b. establish the areas for research and design innovation. 
 
 
4.2   Theory of Flight 
 
4.2.1   Forces of Flight  
 
There are four forces of flight: lift, drag, thrust and weight. These act on the 
aircraft as depicted in Figure 4.1 (Pallett 1979, p. 36). 
 
 
Figure 4.1:  Forces of Flight 
 
For an aircraft to fly the lift force must be greater than the weight and the thrust 
more powerful than the drag. Weight is present due to gravity. Lift is created 
by the movement of the air around the wings. Thrust is created by the aircraft 
engine (or engines). Drag works against thrust to slow an aircraft. For small 
aircraft drag is primarily produced by friction due to air flowing over the 
aircraft skin and the shape of the aircraft 
 
4.2.2   Primary Flight Controls 
 
Aircraft primary flight controls consist of moveable control surfaces that are 
directly operated by the pilot. Conventionally, there are three sets of control 
surfaces: aileron, elevator, and rudder as depicted in Figure 4.2. These are 
situated at the extremities of the wings and stabilisers. Movement of a control 
surface changes the profile of the wing or stabiliser and results in a change to 
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the lifting force. This causes the aircraft to rotate about the applicable axis 
(Pallett 1979, p. 27). 
 
Ailerons control movement about the longitudinal axis. The movement is roll. 
Lowering the aileron on one wing raises the aileron on the other. The wing 
with the lowered aileron goes up because of its increased lift, and the wing 
with the raised aileron goes down because of its decreased lift.  
 
 
Figure 4.2:  Aircraft Control Surfaces 
 
Elevators control the movement of the airplane about its lateral axis. This 
motion is pitch. The elevators are hinged to the horizontal stabilizer to form a 
single airfoil. A change in position of the elevators modifies the camber of the 
airfoil, which increases or decreases lift. 
 
The rudder controls movement of the aircraft about its vertical axis. This 
motion is yaw. The rudder is a movable surface hinged to the vertical 
stabilizer. Its action is similar to that of the elevators except that the force acts 
in a different plane. 
 
4.2.3   Secondary Flight Controls 
 
On most modern aircraft, in addition to the primary flight controls, there is a 
group of secondary controls. These include, but are not limited to, trim tabs, 
spoilers, and wing flaps. 
 
A trim tab is a small, adjustable hinged surface on the trailing edge of the 
aileron, rudder, or elevator control surfaces. Trim tabs are labour saving 
devices that enable the pilot to release manual pressure on the primary controls. 
Some types also help to actuate the main control surfaces by exerting force on 
the main surface, thus reducing the amount of force the pilot must exert on the 
controls to manoeuvre the aircraft (Secondary Flight Controls n.d.). 
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4.3   Aircraft Longitudinal Dynamic Stability and Response 
 
4.3.1   Aircraft Longitudinal Equations 
 
The dynamic behaviour of airplanes can be satisfactorily represented by 
assuming that the perturbations away from steady flight are small. In such 
cases the equations for motion can be approximated by a set of linear 
differential equations with constant coefficients. Theses equations are termed 
the small perturbation equations. 
 
By selecting the steady state, symmetrical, straight line flight as a special 
steady state condition and utilising the aircraft stability axis system as the 
coordinate system the longitudinal small perturbation equations can be 
expressed as: 
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α1
.
U  wand  θq  :where ==  (Roskam 1995, pp. 306 – 308).  
 
Equations (4.1) through (4.3) may be rewritten in terms of stability derivatives 
as follows (Roskam 1995, pp. 318 – 319): 
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where the stability derivates are as per Appendix C. 
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4.3.2   Aircraft Longitudinal Transfer Functions 
 
Equations (4.4) through (4.6) are Laplace transformed for zero initial 
conditions. Dividing by eδ  gives rise to the aircraft longitudinal transfer 
functions expressed as follows: 
 
a. Speed-to-elevator transfer function: 
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b. Angle-of-attack-to-elevator transfer function: 
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c. Pitch attitude-to-elevator transfer function: 
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where the polynomial coefficients are as per Appendix D. 
 
All three transfer functions in equations (4.7) through (4.9) have the same 
denominator. When set to zero the resulting equation is called the characteristic 
equation. The roots of the characteristic equation determine the dynamic 
stability characteristics of the airplane. The numerators are however all 
different. These polynomials affect the magnitude of the response of an 
airplane to a control surface input (Roskan 1995, pp. 321 – 323). 
 
4.3.3   Characteristic Equation Roots 
 
The characteristic equation has four roots. Three potential combinations exist: 
a. all roots are real, 
b. two roots are real and two are complex conjugates, and 
c. two pairs of complex conjugates. 
 
With respect to the last combination the root with the highest frequency is 
referred to as the short period mode. The one with the lowest frequency is 
called the phugoid mode (Roskam 1995, p. 332). For stability the real roots 
must be negative and complex roots must have negative real parts. 
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4.4   Overview of Control Systems 
 
A control system is an arrangement of physical components connected or related 
in such a manner as to command, direct, or regulate itself or another system 
(DiStefano, Stubberud & Williams 1995, p. 1). Control systems are classified into 
two categories: open loop and closed loop.  
 
An open loop system is one in which the control action is independent of the 
output. Their ability to perform accurately is determined by their calibration. They 
are not usually troubled by problems of instability (DiStefano, Stubberud & 
Williams 1995, p. 3). 
 
A closed loop control system is one in which the control action is dependent on 
the output (DiStefano, Stubberud & Williams 1995, p. 3). Closed loop systems are 
commonly called feedback control systems. Feedback is the property that permits 
the output to be compared to the input so that the appropriate control action may 
be formed as some function of the input and output. 
 
Feedback typically results in: increased output accuracy, a tendency toward 
instability, reduced sensitivity, reduced effects of nonlinearities and disturbances, 
and increased frequency response of the system (DiStefano, Stubberud & 
Williams 1995, p. 4). 
 
The signals in a control system are typically functions of some independent 
variable, usually time, denoted t. A signal dependent on a continuum of values of 
the variable t is called a continuos time or analogue signal. A signal defined a 
discrete instants of the independent variable t is called a discrete time or digital 
signal. Control systems may therefore be further classified according to the types 
of data that they process as either continuos time or discrete time control systems 
(DiStefano, Stubberud & Williams 1995, p. 5). 
 
 
4.5   Theory of Autopilots  
 
In manually controlled flight the pilot and the control system of the aircraft 
comprise a closed loop servo system. The pilot must always ‘follow up’ his initial 
control inputs by applying secondary opposing inputs, thereby progressively 
removing control so that the desired changes may be made as smoothly and 
progressively as possible without exceeding the demanded input. To achieve 
automatic flight control (or autopilot) utilising a closed loop servo system the 
‘follow up’ action is referred to as feedback (Pallett 1979, pp. 72 – 73). 
 
A servo system is defined as a closed loop control system in which small power 
input controls a much larger power output in a strictly proportionate manner. 
There are two main classes of servo system: position control, and speed control. 
In the former displacement between the input and output is compared to produce 
an error signal which in turn is amplified before being applied to the servo motor 
to reposition the output. In the later the speeds of the input and outputs are 
compared to produce the error signal and thus control the speed of the servo motor 
and output. Automatic flight control may be achieved by application of either 
class independently or in combination (Pallett 1979, pp. 73-74). 
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Irrespective of the class the basis of automatic flight control utilising a servo 
system is represented via the functional diagram at Figure 4.3 (Pallett 1979, 
p. 80). There are four principle elements, termed the ‘inner loop’, and their 
functions are as follows: 
a. Sensing of attitude changes of the aircraft about the respective axis 
(typically achieved by gyroscopes and/or accelerometers), 
b. Sensing of attitude changes in terms of error signals, 
c. Processing the error signals and their conversion into a suitable form to 
drive the servo motor, and 
d. Conversion of the signals into movement of the aircraft control surface. 
Figure 4.3:  Automatic Flight Control Servo System Functional Diagram 
 
The number of control loops, termed channels, comprising an automatic flight 
control system is dependent on the number of axes about which control is required 
(Pallett 1979, pp. 79-80). Regardless of the channel the operation is as follows: 
attitude sensing elements detect attitude change and command sensing elements 
translate the change into an error signal; the error is fed to the amplifier in the 
signal processor prior to being supplied to the servo motor; the control surface is 
activated to correct the attitude change; the servo motor also repositions the 
feedback element to reduce the input error signal and limit the control applied; as 
the error signal decreases the amplifier drives the servo motor to reduce the 
position of the control surface towards neutral (Pallett 1979, pp. 82-83). 
 
Automatic electric trim is controlled by the autopilot and is used to reduce pitch 
servo effort in the same way a pilot uses trim to reduce control forces. Not all 
autopilots have automatic trim. Those without incorporate trim prompting. These 
are lights that annunciate to the pilot to apply trim (Picou 1996). 
 
In addition to the ‘inner loop’ elements and functions an automatic flight control 
system must provide the capability to assist the pilot to manoeuvre the aircraft. An 
example would be to select a new heading or altitude. It is therefore necessary to 
provide a flight control panel through which the pilot can inject command signals 
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to initiate servo control. The flight control panel is considered the primary 
element of the ‘outer loop’ (Pallett 1979, p. 83). 
 
 
4.6   Autopilot Configuration – Raytheon Beechcraft Bonanza E538 
 
The approved autopilot for the Sponsor’s aircraft is a Century III three axis 
autopilot system. It is termed a three axis system because it controls heading, roll 
and pitch. However it contains only two controls servos. The components 
installed (Century III Flight Systems Service Manual 1973, pp. 1-7 – 1-26) are as 
follows: 
a. Console.  The console provides the human – machine interface. 
b. Amplifier.  The amplifier contains the analogue computer logic circuits and 
amplifiers that provide the command signals to the roll and pitch servos. 
c. Artificial Horizon.  The artificial horizon provides roll and pitch references 
for the system. It receives excitation from the amplifier. 
d. Directional Gyro.  The Directional Gyro provides heading data for the 
autopilot. 
e. Altitude Hold Sensor.  The Altitude Hold Sensor supplies the Century III 
with an altitude reference signal. The sensor will lock on to the indicated 
altitude when the altitude mode button on the console is pressed. 
f. Roll Servo.  The Roll Servo provides the force to control the aircraft 
ailerons. It receives its power from the amplifier. A solenoid controls 
engagement of the servo to the controls and a force limiting clutch is 
provided to limit the maximum force applied by the servo. 
g. Pitch Servo.  The Pitch Servo is identical to the roll servo except it controls 
the elevator of the aircraft.  
h. Radio Coupler.  The Radio Coupler is an optional unit which provides 
radio coupling for navigation and approaches when plugged in line with the 
system’s Directional Gyro. 
i. Glide Slope Coupler.  The glide slope coupler is an automatic analogue 
computer that directs the autopilot to intercept and track the approach glide 
path. This unit, together with the Radio Coupler, provides a complete and 
automatic ILS intercept capability for the Century III autopilot. 
j. Automatic Trim System.  This system consists of a trim amplifier, servo 
and sensor which provides automatic pitch trim corrections. 
 
A system diagram is provided at Appendix E. The pitch channel operation has two 
sub-modes: ‘Pitch’ and ‘Altitude Hold’. The ‘Roll’ engage acts as an autopilot 
master switch. The ‘Pitch’ switch engages the autopilot pitch servo and makes the 
autopilot responsive to the pitch attitude of the artificial horizon and commands of 
the pitch command wheel. The computer system in combination with the 
automatic trim will maintain a constant attitude through power changes and 
during gear and flap position transitions. 
 
Engagement of the ‘Altitude Hold’ switch will remove the pitch command wheel 
from the circuit and initiate a smooth transition to the pressure altitude at which it 
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was engaged.  Barometric sensors provide precise altitude holding with nominal 
climb and dive limitations for operation in turbulence. 
 
When the autopilot is engaged, the trim system operates automatically to correct 
aircraft trim. When the autopilot is off, the trim button on the control wheel is 
depressed by the pilot any time he wishes to relieve control forces. The pilot can 
override the trim system at any time by manual operation of the aircraft trim 
control. The ‘Trim’ circuit breaker switch on the instrument panel may be pulled 
to disconnect the electric trim system from the aircraft electrical system. 
 
 
4.7   Historical Design Data - Pitch Channel Trim Activation 
 
An electronic search was conducted utilising the internet and the USQ Library 
Engineering Databases Compendex, IEEExplore, and Emerald Insight to establish 
if any historical design data exists pertaining to the activation of trims tabs as a 
method of providing automatic flight control. The searches were unsuccessful.  
 
Of the texts reviewed the only theoretical data discovered that was relevant to the 
topic was provided by Nelson (1989, p. 66). He states that trim tabs have a great 
influence over the hinge moment of a control surface but only have a slight effect 
on the lift produced by the surface. The hinge moment is defined as the moment 
that the pilot must overcome to move the control surface by applying force to the 
controls. 
 
The RAAF Boeing 707 Aircraft Flight Manual (1996, pp. 1-200 & 1-212) details 
an application of the theory that is proposed. In manual flight the elevators are 
positioned by means of control tabs which are operated by the control column. 
The autopilot controls the aircraft in pitch by moving the elevator control tabs 
utilising electric motors. The RAAF Boeing 707 Aircraft Maintenance Manual 
(1996, ATA 27-7-0 p. 1) states that this negates the requirement for electric or 
hydraulic power boost. This is offset by a requirement for balance weights, 
springs, snubbers, and mechanical linkages. 
 
 
4.8   Commercial of the Shelf Availability Assessment 
 
An electronic search was conducted utilising the internet to establish if any 
products currently exist that provide the desired functions and interface with the 
pitch trim tabs. The search was unsuccessful. The search did highlight that 
modern systems all utilise digital control and many incorporate trim prompting. 
 
 
4.9   Technical Standard Order C9c - Automatic Pilots  
 
The minimum design standard required by CASA is that outlined in the relevant 
US Federal Aviation Administration Technical Standard Order (TSO). Review of 
the US Federal Aviation Authority data established that the applicable TSO is 
C9c. 
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Sub-part B sets out the minimum performance standards established for automatic 
pilots to maintain flight and/or to provide manoeuvring about the three axis 
through servo control. New models of autopilots manufactured for such use on or 
after September 15, 1960, shall meet the standards prescribed in SAE 
Aeronautical Standard AS-402A Automatic Pilots dated February 1, 1959. 
 
Other notable additions are the requirement for a power malfunction indication 
when each phase of the primary power (voltage and /or current) to the automatic 
pilot is not adequate for safe operation and a visual means to indicate readily to 
the pilot when the automatic pilot is not engaged to the airborne navigation 
reference. 
 
To facilitate approval the following manufacturer’s data is to be submitted: 
a. Operating instructions, 
b. Installation instructions, 
c. Exploded views for each major component of the system, 
d. Schematic diagrams for each major component and the system, and 
e. A compliance test report. 
 
A copy of TSO-C9c and SAE AS-402 is provided as Appendix F and G 
respectively. 
 
 
4.10   Conclusion:  Chapter 4 
 
The Sponsor’s aircraft is representative of the typical configuration presented. The 
equations for motion can be approximated by a set of linear differential equations 
with constant coefficients which may be rewritten in terms of stability derivatives. 
When Laplace transformed and divided by eδ  they give rise to the aircraft 
longitudinal transfer functions for speed, angle-of-attack, and pitch attitude to 
elevator. 
 
The transfer functions have the same denominator. When set to zero the resulting 
equation is called the characteristic equation. The roots of the characteristic 
equation determine the dynamic stability characteristics of the airplane. For 
stability the real roots must be negative and complex roots must have negative 
real parts. 
 
The installed autopilot in the Sponsor’s aircraft is typical of a closed loop servo 
control system utilising an ‘inner’ and ‘outer’ loop. It has the added option of 
automatic electric trim utilising dedicated components. Retaining existing and 
proven components where possible is considered a sensible approach that reduces 
cost and design effort. 
 
Classic autopilot theory is to drive the primary flight control surfaces. Despite the 
lack of data to support the concept of driving the trim tabs a major production 
aircraft, the Boeing 707, has successfully utilised this approach. There are no 
regulations to preclude this approach. The regulations that do exist do so to ensure 
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airworthiness and flight safety. The project was considered technically feasible 
based on the literature review and conceptual design phase was initiated. 
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CHAPTER 5 
 
CONCEPTUAL DESIGN 
 
5.1   Introduction 
 
Conceptual design is the initial design effort aimed at articulating the 
stakeholder’s needs. The high level needs are recorded in the Operational Concept 
Document (OCD). The needs are then analysed to produce a clearly defined set of 
user functional requirements at the system level.  
 
Chapter 4 concluded that the project was technically feasible based, in part, on the 
fact that the Boeing 707 aircraft utilises the pitch trim to control the aircraft in 
manual and automatic flight. This assessment was validated by an initial flight 
trial in the Sponsor’s aircraft. It established that operation of the elevator trim tabs 
manually via a switch on the control column (that activates an electric motor) 
produced a timely and effective attitude change that resulted in subsequent 
altitude changes. Further trials were required to assess altitude acquire and hold 
performance. 
 
The conceptual design phase comprised 3 stages as follows: 
a. Feasibility trial, 
b. Development of the OCD, and 
c. Development of the System Specification. 
 
 
5.2   Feasibility Trial 
 
5.2.1   Trial Objectives 
 
The objective of this formal flight trial is to assess if the pilot can operate the 
elevator trims tabs manually to: 
a. acquire a desired altitude, and 
b. hold the desired altitude. 
 
5.2.2   Trial Rationale 
 
The rationale for the trial is that if the objectives can be achieved by manual 
‘pilot in the loop’ activation of the elevator trim tabs it should also be able to 
be achieved automatically by an electronic controller. 
 
5.2.3   Trial Conditions 
 
Aircraft: 
• Luggage - removed. 
• Fuel (Visual Inspection) – Covering bottom of LH and RH tanks. 
Assessed as sufficient for takeoff and trial noting that a minimum of 13 
gallons of fuel is required in each tank for takeoff. 
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Crew: 
• Pilot – Mr. Graham Wood (Sponsor). 
• Observer – Mr. Daniel Gall. 
 
Weather (Hoxton Park Airfield): 
• Cloud at 5000 feet (approx). 
• Wind gusts to 15 km/h from S (approx). 
 
Trial Zone; 
• Area west of Hoxton Park Airfield to Hawkesbury River. 
• Area north of Hoxton Park Airfield to RAAF Base Richmond controlled 
airspace. 
 
Engine: 
• 65% Maximum Continuous Power 2300 RPM. 
• 23” Hg Manifold Pressure. 
• Settings not varied during trials. 
 
Initial Indicated Airspeed: 
• 150 knots 
 
5.2.4   Trial #1 – Climb & Acquire an Altitude 
 
Input Data: 
• Initial Altitude – 2000 ft. 
• Desired Altitude – 3000 ft. 
• Initial ‘Nose Up’ trim command – 1 sec. 
• Corrective ‘Nose Down’ trim command – applied as required. 
 
Output Data: 
• Rate of Climb achieved – 700 ft/min. 
• Indicated Airspeed – reduced to 125 knots and recovered to initial value 
as corrective trim was applied. 
• Altitude Acquisition - The trail was performed three times. Initially 
overshoot resulted as the corrective trim commands were applied to late. 
On the final test small amounts of corrective trim were applied earlier 
which resulted in accurate acquisition of the desired altitude with no 
overshoot.  
 
5.2.5   Trial #2 – Dive & Acquire an Altitude 
 
Input Data 
• Initial Altitude – 3000 ft. 
• Desired Altitude – 2000 ft. 
• Initial ‘Nose Down’ trim command – 2 sec. 
• Corrective ‘Nose Up’ trim command – applied as required. 
 
Output Data 
• Rate of Dive achieved – 2000 ft/min. 
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• Indicated Airspeed – increased to 180 knots and recovered to initial 
value as corrective trim was applied. 
• Altitude Acquisition – One test run was required due to the experience 
gained from Trial #1. Small amounts of corrective trim were applied 
earlier which resulted in accurate acquisition of the desired altitude with 
no overshoot.  
 
5.2.6   Trial #3 – Altitude Hold 
 
Input Data 
• Initial Altitude - 2000 ft. 
• Trial Duration – 3 mins (approx). 
 
Output Data 
• Altitude Hold – The pilot reported that the aircraft was generally 
controllable when manually operating the elevator trim tabs. The initial 
altitude could be maintained within a tolerance of +/- 10 ft. 
 
5.2.7   Additional Data 
 
During the trials the pilot gained increased confidence in the operation of the 
elevator trim tabs as a means of controlling the aircraft’s altitude. As a result 
the return descent from the trial zone and the landing approach were effected 
adequately utilising the trim tabs and varying engine power only. Only in the 
final seconds of the landing sequence were the elevators utilised directly via 
the control column. 
 
5.2.8   Trial Conclusions 
 
The objectives of the trial were addressed. The pilot was able to operate the 
elevator trims tabs manually to acquire a desired altitude and hold the desired 
altitude. 
 
As manual ‘pilot in the loop’ activation of the elevator trim tabs can be utilised 
to achieve such control it is considered feasible to be able to achieve the same 
outcome automatically with an electronic controller. 
 
 
5.3   Operational Concept Document 
 
5.3.1   Overview 
 
The purpose of the OCD is to identify all stakeholders and their needs, goals, 
and objectives. The document is written in non-specification language to 
ensure that it is readable by all stakeholders. The document is intended to 
disclose: 
a. the likely applications for which the system will be designed, 
b. the major operational characteristics, including constraints, that the 
system will exhibit, 
c. the external systems and interfaces which the system must operate with, 
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d. the operational and support environment, and 
e. the system support concept. 
 
All requirements in the OCD are to be traceable to at least one requirement in 
the System Specification (Faulconbridge 2000, pp. 22 – 23). Paragraphs 5.3.2 
through 5.3.8 are extracts from the document. 
 
5.3.2   Applications 
 
The microprocessor pitch control module will initially be developed for 
installation and use in the Sponsor’s aircraft. Conceptually, the module could 
be adapted to enable retrofitting into any light aircraft with a similar generation 
altitude hold sub-system. The target market would be aircraft manufactured 
between 1970 – 1990. The Sponsor has expressed a desire to investigate this 
commercial opportunity in subsequent design phases. 
 
5.3.3   Operational Tasks 
 
The altitude hold sub-system is typically activated whilst undertaking cross 
country flights. The flights may be personal and/or chartered activities. 
 
5.3.4   Operational Characteristics 
 
The essential capabilities that the microprocessor pitch control module must 
provide are: 
a. maintain the aircraft within safe flight parameters at all times, 
b. maintenance of an assigned altitude based on area QNH, 
c. interception of an assigned altitude within predetermined limits of Rates 
of Climb and Descent, 
d. enable the intercept rate to be controlled, and 
e. sub-system engagement and disengagement interlock logic. 
 
5.3.5   Operating States 
 
The proposed operating states of the microprocessor pitch control module are: 
a. Off, 
b. Standby, 
c. Altitude Intercept  
d. Altitude Hold, and 
e. Maintenance. 
 
In all states, excluding the Off state, the module will continuously monitor and 
report the integrity of the sub-system via Built in Test. The altitude intercept 
and hold performance will be in accordance with current industry standards. 
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5.3.6   Operational Scenario 
 
The operational scenario that the microprocessor pitch control module must be 
able to manage is as follows: 
a. During pre-flight checks the altitude hold sub-system will be selected to 
the Standby state. The module will continuously monitor and report the 
integrity of the sub-system via Built in Test. The module will not enable 
selection of Altitude states. 
b. Following post take off checks the pilot will either: 
(1)  Climb to desired altitude and select the Altitude Hold state. If the 
aircraft is within safe flight parameters the module will enable 
selection of the state. The module will capture and display the desired 
altitude. If the parameters are not satisfied the state will be deselected 
automatically. Once enabled the module will monitor the actual 
altitude and drive the control surface to correct for errors, or 
(2)  Select the desired altitude and intercept rate. A display will confirm 
the selections. The pilot then selects the Altitude Intercept state. If the 
aircraft is within safe flight parameters the module will enable 
selection of the state. If the parameters are not satisfied the state will 
be deselected automatically. Once enabled the module monitor the 
actual altitude and climb/dive rate. It will drive the control surface to 
correct for errors. Once the desired altitude is intercepted the module 
will automatically select the Altitude Hold state. 
c. At the desired altitude the module will continuously monitor and report 
the integrity of the sub-system via Built in Test. It will also continuously 
monitor flight parameters, interlock logic, and pilot inputs. 
d. The pilot will vary altitude selections enroute in accordance with the 
flight plan or as directed by air traffic control. 
e. During pre landing checks the Standby state will be selected to provide 
manual control to the pilot. The module will not enable selection of 
Altitude states. 
f. Following landing, during post-flight checks, the altitude hold sub-
system will be selected to the Off state. 
 
 
5.3.7   Operational Environment 
 
The external systems with which the system must operate are depicted by the 
context diagram in Figure 5.1 as follows: 
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Figure 5.1:  System Context Diagram 
 
The identified interfaces with each external system are detailed in Table 5.1 as 
follows: 
 
Table 5.1:  System External Interfaces 
SYSTEM INTERFACE 
Client/ Operator User Requirements 
 Budget 
Aircraft Structure Operation Safety Limits 
 Hardware Mounting 
 Vibration 
Aircraft Systems Mechanical 
 Electrical 
 Instruments 
Natural Environment Temperature 
 Humidity 
 Moisture 
 Dirt/Dust 
 Wind/ Turbulence 
Air Services Australia Air Traffic Control Procedures 
CASA Airworthiness Regulations 
 Certification 
FAA System Standards 
Maintenance Reliability 
 Availability 
 Maintainability 
 Logistics 
 Approved Maintenance Organisation 
Standards 
Commercial Market Retrofit Cost - Benefit 
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5.3.8   System Support Concept 
 
A detected failure whilst airborne will necessitate the system being placed in 
the Standby or Off state and the pilot reverting to manual control. The support 
concept will be to return to base as soon as is convenient. An approved 
maintenance venue will undertake fault diagnosis and remove the faulty 
component. If the component is repairable it will be forwarded to the original 
equipment manufacturer for repair. If the component is non-repairable it will 
be replaced with an approved item. 
 
 
5.4   System Specification 
 
5.4.1   Requirements Analysis 
 
The aim of system requirements analysis is to describe the requirements at the 
system level and be able to relate the functional design back to stakeholder’s 
needs, goals, and objectives defined in the OCD. The first step is to develop the 
requirements framework termed the Requirements Breakdown Structure 
(RBS).  
 
The RBS utilised for this project is a combination tailored from the SEBOK 
(Faulconbridge 2000, p. 28) and the US Federal Aviation Authority (FAA) 
Systems Engineering Manual V3.0. The main requirements types are defined 
as: 
a. Operational, 
b. Configuration, 
c. Interfaces, 
d. Constraints, 
e. Quality, and 
f. Verification. 
 
Subsequent steps are the determination of the major functions required of the 
system and assignment of performance parameters to each of the functions. 
Once completed each functional requirement was assigned to a type group in 
the RBS. 
 
5.4.2   Type A System Specification 
 
The RBS when completely populated forms the System Specification and 
represents the Functional Baseline. The System Specification is the cornerstone 
document in the systems engineering process as all other subordinate 
specifications are derived from it in subsequent design phases. A copy of the 
specification is provided as Appendix H. 
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5.5   Conclusion: Chapter 5 
 
The conceptual design phase comprised 3 stages: 
a. feasibility trial, 
b. development of the OCD, and 
c. development of the System Specification. 
 
The feasibility trial established that ‘pilot in the loop’ activation of the elevator 
trim tabs can be utilised to manually to acquire a desired altitude and hold the 
desired altitude. It was concluded that it is feasible to be able to achieve the same 
outcome automatically with an electronic controller. 
 
An OCD was developed to identify all stakeholders and their needs, goals, and 
objectives. The document details system applications, operational characteristics, 
external systems and interfaces, the operational and support environment, and the 
system support concept. 
 
Requirements analysis populated the RBS tailored from the SEBOK and the FAA 
Systems Engineering Manual V3.0 to develop the Type A System Specification. 
This represents the Functional Baseline. The System Specification is the basis for 
subsequent design activity in the preliminary design phase. 
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CHAPTER 6 
 
PRELIMINARY DESIGN 
 
6.1   Introduction 
 
Preliminary design commences with the Functional Baseline defined during 
conceptual design. This phase is the beginning of the transition from functional 
design to physical design. To facilitate this transition sub-systems and 
components, termed Configuration Items, were identified. Functional 
requirements were allocated to each Configuration Item. Candidates for 
procurement were identified where applicable. The interfaces between the 
Configurations Items were also identified and specified.  
 
The preliminary design phase comprised 4 stages as follows: 
a. control scheme trade off analysis, 
b. control scheme verification, 
c. preliminary system architecture definition, 
d. COTS candidate assessment. 
 
 
6.2   Control Scheme Trade Off Analysis 
 
6.2.1   Potential System Configurations 
 
Airplane Flight Dynamics and Automatic Flight Controls (Roskan 1995, 
p. 815) details that there are three potential control system configurations to 
provide a stable altitude hold capability. These are: 
a. pitch attitude feedback, 
b. vertical acceleration feedback, and  
c. lead-lag compensation. 
 
6.2.2   Problem Definition 
 
The trade off analysis was raised to establish which configuration listed in 
paragraph 6.2.1 best satisfies the objectives of the project as detailed in the 
Project Plan and the System Functional Specification. The identified candidate 
configuration provides the basis for subsequent preliminary design activities. 
 
6.2.3   Measure of Effectiveness 
 
The following measures of effectiveness and weightings were identified to 
assess the performance of the alternative potential control system 
configurations: 
a. system performance [0.3], 
b. developmental requirements (excluding interface/integration) [0.2], 
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c. integration/interface requirements [0.2], 
d. cost (acquisition only – excluding development costs) [0.2], and 
e. reliability, availability, maintainability [0.1]. 
 
6.2.4   Trade Off Analysis – Discussion and Scoring 
 
Pitch Attitude Feedback.  This type of feedback is considered to provide 
optimal system performance as the phugoid damping is improved significantly 
(Roskam 1995, p. 811). Additionally, by observation it is apparent that an 
attitude change precedes a change in altitude. Therefore corrective action 
proportional to the attitude can be applied in advance to limit altitude 
divergence. It is envisaged that the developmental requirements will be 
minimal and limited to software aspects only. Preliminary advice from 
suppliers is that integration and interface aspects will be moderate. An 
indicative cost is $190. Due to the sensitive nature of the device relative 
reliability is considered to be low. Scoring is provided in Table 6.1 as follows: 
 
Table 6.1:  Pitch Attitude Feedback Assessment Scores 
Measure Weighting Raw Score (1 – 3) Weighted Score 
System Performance 0.3 3 0.9 
Development Requirement 0.2 3 0.6 
Integration Requirement 0.2 1 0.2 
Cost 0.2 1 0.2 
RAM 0.1 1 0.1 
Total 1.0 9 2.0 
 
 
Vertical Acceleration Feedback.  This type of feedback is considered to 
provide reasonable system performance. The sensitivity of the sensor is a 
design consideration as for accurate flight control in turbulent air a relatively 
low threshold is required. A consequence is that structurally introduced 
vibrations may be detected and feedback initiating a control response for a 
disturbance that is not present. This is overcome by inclusion of a filtering 
algorithm (Roskam 1995, p. 797).  
 
Another performance drawback is that for the accelerometer to be active a 
vertical translation must be effected resulting in departure from the desired 
altitude. The rate of departure however can be sensed and the appropriate 
amount of feedback applied. It is envisaged that the developmental 
requirements will be minimal and limited to software aspects only. Preliminary 
advice from suppliers is that integration and interface aspects will be minimal. 
An indicative cost is $55. The device is considered robust and relative 
reliability is considered to be good. Scoring is provided in Table 6.2 as follows: 
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Table 6.2:  Vertical Acceleration Feedback Assessment Scores 
Measure Weighting Raw Score (1 – 3) Weighted Score 
System Performance 0.3 2 0.6 
Development Requirement 0.2 3 0.6 
Integration Requirement 0.2 2 0.4 
Cost 0.2 2 0.4 
RAM 0.1 2 0.2 
Total  11 2.2 
 
 
Lead-Lag Compensation.  In terms of relative system performance this 
configuration is considered adequate. The compensator is designed to provide 
zeros to draw the phugoid poles away from the region of instability when 
considering the Root Locus of the system. As per the vertical acceleration 
feedback the aircraft will have diverged from the desired altitude before the 
corrective control is applied. It is envisaged that the developmental 
requirements will be moderate and limited to software aspects only. Integration 
and interface aspects are not applicable as there is no additional hardware to 
integrate. There are no additional procurement costs. Relative reliability is 
optimal due to the decreased hardware requirements. Scoring is provided in 
Table 6.3 as follows: 
 
Table 6.3:  Lead-Lag Compensation Assessment Scores 
Measure Weighting Raw Score (1 – 3) Weighted Score 
System Performance 0.3 1 0.3 
Development Requirement 0.2 2 0.4 
Integration Requirement 0.2 3 0.6 
Cost 0.2 3 0.6 
RAM 0.1 3 0.3 
Total 1.0 12 2.2 
 
 
6.2.5   Conclusion 
 
The vertical acceleration feedback and lead-lag compensator configurations 
produced the highest, and equal, total weighted scores. Utilising the total raw 
scores as the discriminator the lead-lag compensator was recommended and 
proposed as the candidate configuration for subsequent preliminary design 
activities following verification. 
 
 
6.3   Control Scheme Verification 
 
6.3.1   Objective 
 
The objective of the verification stage is to substantiate that a lead-lag 
compensator could be designed to perform altitude acquire and hold in the 
Sponsor’s aircraft. 
28 
6.3.2   Methodology 
 
A continuous time representation of the plant, sensors, and compensator was 
utilised for the verification. Transform techniques were selected in lieu of the 
state space technique as the preferred method for determining the compensator 
characteristics. This approach was adopted due to the abundance of aircraft 
design data that is presented in transform form. 
 
 
6.3.3   Assumptions 
 
General Aviation Airplane.  The general aviation airplane (Nelson 1989, 
p. 252) is an accurate representation of the Sponsor’s aircraft. A comparison of 
reference data is provided at Table 6.4 to substantiate this assumption as 
follows: 
 
Table 6.4:  Aircraft Reference Data Comparison 
Data General Aviation 
Airplane 
Beechcraft Bonanza 
(A36) 
% 
Error 
Weight (lbs) 2750 2813 2.2 
C of G (% MAC) 29.5 32.1 8.1 
Ixx  (slug ft2) 1048 N/A - 
Iyy (slug ft2) 3000 N/A - 
Izz (slug ft2) 3530 N/A - 
S (ft2) 184 181 1.6 
b (ft) 33.4 33.5 0.3 
c  (ft) 5.7 5.6 1.7 
 
 
 
Graphic representations of the two aircraft are provided at Appendix I and J 
respectively to further illustrate that the basic geometry of the aircraft are 
similar. 
 
Barometric Altitude Sensor.  Barometric altitude sensors typically have built 
in lag, the magnitude of which depends on the design of the aneroid bellows 
and the lengths of the lines in the system. The transfer function of the altitude 
sensor is a first order lag of the form b/(s + b), where b has been selected to 
equal 1 rad/sec (Roskam 1995, pp. 814-815). 
 
Trim Tab Servo and Elevator Operation.  The transfer function of the trim 
tab servo is a first order lag of the form a/(s + a), where a has been selected to 
equal 10 rad/sec (Roskam 1995, pp. 814-815). The elevator operation is 
regarded as instantaneous following activation of the trim tab.  
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6.3.4   Plant Representation – Altitude-to-Elevator Transfer Function 
 
The altitude-to-elevator transfer function was derived as per Roskam (1995, 
pp. 813-814). The theory is repeated to provide oversight of the process. 
 
 
 
 
Figure 6.1:  Flight Path Geometry Altitude Hold 
 
 
The rate of climb, , can be written as: 
.
h
.
h = U1sinγ = U1γ (approx) 
(6.1) 
Upon applying the Laplace transform: 
sh(s) = U1γ(s) 
(6.2) 
If the elevator is used as the controller then: 
⎭⎬
⎫
⎩⎨
⎧=
(s)δ
γ(s)
s
U
(s)δ
h(s)
e
1
e
 
(6.3) 
From Figure 6.1: 
 θ  = α + γ   therefore θ (s) = α(s) + γ(s) 
(6.4) 
The transfer function can therefore be written as: 
⎭⎬
⎫
⎩⎨
⎧=
(s)δ
(s)-(s)
s
U
(s)δ
h(s)
e
1
e
αθ  
(6.5) 
The transfer function can also be written as: 
⎭⎬
⎫
⎩⎨
⎧=
1
1
e D
N-N
s
U
(s)δ
h(s) αθ  
(6.6) 
 
For the general aviation airplane the calculation of the transfer function is 
performed in three steps as follows: 
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Step 1 – Derive stability derivatives 
 
Utilising the general aviation airplane longitudinal data provided at 
Appendix I the stability derivates were derived utilising the formulas at 
Appendix C. Where a value was not provided as Appendix I is was assumed 
to be zero. Prerequisite data and calculations are as follows: 
  U1 = 0.158 M (sea level) = 176 ft/sec 
  g = 32.19 ft/sec2 
  m = 2750 lbs/ g = 85.43 slugs 
  211 U2
1q ρ=  = (0.5)(0.002378)(176)2 = 36.8 lbs/ft2 (Nelson p. 131) 
  θ  = 0 rad 
S and c  are as per Table 6.4 
 
The stability derivative results are summarised in Table 6.5 as follows: 
 
Table 6.5:  Stability Derivative Results 
Derivative Result Derivative Result 
uX  -0.045 ft/sec
ft/sec2  eδZ  -28.13 rad
ft/sec2  
uT
X  0.0
ft/sec
ft/sec2  uM  0.0 ft/sec
rad/sec2  
αX  6.34 rad
ft/sec2  uTM  0.0 ft/sec
rad/sec2  
eδ
X  0.0
rad
ft/sec2  αM  -8.786 rad
rad/sec2  
uZ  -0.369 ft/sec
ft/sec2  αTM  0.0 rad/sec
rad/sec2  
αZ  -355.878 rad
ft/sec2  .
α
M  -0.908
rad/sec
rad/sec2  
.
α
Z  0.0
rad/sec
ft/sec2  qM  -2.074 rad/sec
rad/sec2  
qZ  -4.877
rad/sec
ft/sec2  eδM  -11.875 rad
rad/sec2  
 
 
Step 2 – Derive transfer function coefficients 
 
The aircraft transfer function polynomial coefficients were derived utilising 
the stability derivatives at Table 6.5 and the formulas at Appendix D. The 
results are summarised in Table 6.6 as follows: 
 
Table 6.6:  Aircraft Transfer Function Polynomial Coefficients 
Coefficient Result Coefficient Result 
A1 176 αB  -2091.7 
B1 884.2 αC  -94.1 
C1 2234.3 αD  -141.1 
D1 116.5 θA  -2064.5 
E1 104.4 θB  -4071.8 
αA  -28.1 θC  -206.8 
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Step 3 – Derive elevator-to-altitude transfer function 
 
Utilising the coefficient results at Table 6.6 and Appendix D,  , and θN , αN
1D  where calculated to be as follows: 
 
θN  = -2064.5s
2 – 4071.8s – 206.8 
 
αN  = -28.1s
3 – 2091.7s2 – 94.1s – 141.1 
 
1D  = 176.0s4 + 844.2s3 + 2234.3s2 + 116.5s + 104.4 
 
 
Substituting these values and U1 equals 176 ft/sec into Equation (5.6) yields 
a transfer function of: 
 
104.4116.5s2234.3s844.2s176.0s
65.73977.7s27.2s28.1s
s
176
(s)δ
h(s)
234
23
e ++++
−−+×=  
(6.7) 
 
Disregarding the 176/s integral term the characteristic equation of the transfer 
function is: 
 
   176.0s4 + 844.2s3 + 2234.3s2 + 116.5s + 104.4 
 
The solution to the characteristic equation utilising the MATLAB ‘roots’ 
command yields the eigenvalues: 
 
   = -0.017 1,2λ + i(0.215) 
   = -2.48 3,4λ + i(2.55) 
 
This correlates with result derived in Nelson (1989, p. 134). As detailed in the 
Chapter 4 - Literature Review  represents the phugoid mode and  
represents the short period mode. 
1,2λ 3,4λ
 
From the phugoid eigenvalues the period and number of cycles to half-
amplitude are calculated as follows (Nelson 1989, p. 134): 
 
  Period = (2π)/ω = (2π)/0.215 = 29.2 sec 
 
  N1/2 = 0.110ω/η = (0.110)(0.215)/(0.017) = 1.4 cycles 
 
A flight trial was performed in the Sponsor’s aircraft to establish the phugoid 
response. The test was conducted by initiating a dive then pulling the elevators 
until an initial climb is achieved. At this time the pilot removes all input. The 
result is a decaying oscillatory response. The results sheet drafted by the 
Sponsor from the trial is provided at Appendix K. The vertical axis of each plot 
is aircraft altitude in feet. The horizontal axis is time in seconds. The data was 
analysed to determine the average period and number of cycles to half-
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amplitude. The results are detailed in Table 6.7 and compared to the general 
aviation airplane data. 
 
Table 6.7:  Phugoid Period and N1/2 Data Comparison 
Data General Aviation 
Airplane 
Beechcraft Bonanza 
(A36) 
% Error 
Period (sec) 29.2 37 21 
N1/2 1.4 1.5 6 
 
 
The critical factor for the long period stability of the aircraft is considered to be 
the damping of the phugoid oscillation. The rationale is that it is this figure that 
determines the proximity of the real part of the eigenvalue, or pole, to the 
neutral axis that separates the negative and positive real parts. The damping 
characteristics of both aircraft are assessed as identical as represented by the 
time to half-amplitude.  
 
The period of the phugoid oscillation is larger in the Sponsor’s aircraft. The 
difference is considered acceptable given that it is not a critical factor for 
stability. The larger period is considered an advantage in terms of passenger 
comfort.  
 
The assumption stated in paragraph 6.3.3 is considered valid. The elevator-to-
altitude transfer function derived in paragraph 6.3.4 for the general aviation 
aircraft is considered applicable for the Sponsor’s Beechcraft Bonanza A36 
aircraft. 
 
 
6.3.5   Control Scheme System Block Diagram 
 
The block diagram for the lead-lag compensator control scheme is represented 
in Figure 6.2. The aircraft transfer function is as per Equation (6.7), and a and b 
are as per the assumptions outlined at paragraph 6.3.3. 
 
 
 
Figure 6.2:  Compensator Control Scheme Block Diagram 
 
Gc
(s)δ
h(s)
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b
+
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as
a
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6.3.6   Lead –Lag Compensator Design: MATLAB SISO Tool 
 
The data from Figure 6.2 was utilised to develop a SISO Model in MATLAB 
utilising the SISO Tool in the Control System Toolbox. As per the block 
diagram depicted at Appendix L and the data at Appendix M the following 
values were assigned: 
F = 1 
G = BONPLANT 
H = SENSOR 
C = the lead-lag compensator to be designed 
 
The initial values assigned to C were as per Roskam (1995, p. 815). The SISO 
Tool allowed manipulation of the compensator gain, poles, and zeros to 
achieve the prerequisites for stability as follows: 
a. all closed loop poles are to be on the left hand side of the root locus i.e. 
have negative real parts, and 
b. the gain is to be less than one when the phase is greater than -1800 on the 
bode plot.  
 
The tool also had provisions to view the response to a step input so that the 
variables can be optimised. A stable system with adequate response was 
achieved with a lead-lag compensator of the following value as depicted at 
Appendix L: 
 
  C(s) = 0.148s)0.184s)(1(1
1.51s)3.21s)(1(10.0004 ++
++×−  
 
The response to the step input is provided at Appendix N.  
 
6.3.7   Conclusion 
 
The response was assessed as adequate. It verifies the lead-lag compensator 
selection. This configuration will form the basis for subsequent design activity. 
 
 
6.4   Preliminary System Architecture Definition 
 
6.4.1   Preliminary System Configuration 
 
Trade off analysis established that lead-lag compensation was the preferred 
control system configuration to satisfy the objectives of the project as detailed 
in the Project Plan and the System Functional Specification. Chapter 4 - 
Literature Review established that automatic flight control utilising a servo 
system is typically achieved via an architecture that comprises an ‘inner’ and 
‘outer’ loop.  
 
The ‘inner’ loop function is to: sense deviation in the aircraft’s flight with 
respect to a reference and produce an error signal; and process the error signal, 
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convert it to a suitable form to drive the servo motor, and subsequently actuate 
the control surface. The ‘outer’ loop function is to provide the capability to 
assist the pilot to manoeuvre the aircraft. A flight control panel through which 
the pilot can inject command signals to initiate servo control is considered a 
primary element. 
 
A preliminary system architecture that captures the intent of the ‘inner’ and 
‘outer’ loop is detailed in Figure 6.3.  
 
 
Flight Control 
Panel (Input) 
Flight Control 
Panel (Output) 
Existing Plant 
Signal 
Processor/ 
Compensator 
Trim Amplifier 
& Servo Motor 
Aircraft 
Dynamics 
Trim Tab Elevator 
Altitude Sensor 
 
Interlocks 
 
 
Figure 6.3:  Preliminary System Architecture 
 
 
6.4.2   Preliminary Design Configuration Items 
 
The initial preliminary design Configuration Items are: 
a. Signal Processor/Compensator (Hardware), 
b. Signal Processor/Compensator (Software), 
c. Altitude Sensor (Hardware), 
d. Flight Control Panel Input (Hardware), 
e. Flight Control Panel Output (Hardware), and 
f. Interlocks (Hardware). 
 
 
6.5   Sub-System Requirements Analysis 
 
This process was not undertaken as it was assessed that the requirements detailed 
in the System Specification are sufficient to define the sub-systems and/or 
components. 
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6.6   Interface Definition 
 
Utilising Figure 6.3 the following sub-system/component interfaces were 
identified: 
 
 a. Existing Plant Environment – Altitude Sensor, 
 
 b. Altitude Sensor – Signal Processor/Compensator, 
 
 c. Signal Processor/Compensator - Existing Plant, 
 
 d. Flight Control Panel (Input and Output) - Signal Processor/Compensator, 
 
 e. Interlocks - Signal Processor/Compensator, and 
 
 f. Interlocks – Existing Plant. 
 
The function requirements pertaining to each interface were defined in the 
Interface Control Document. This document is provided at Appendix O. 
 
 
6.7   Requirements Allocation 
 
The requirements detailed in the System Specification and Interface Control 
Document were analysed and allocated to the Configuration Items listed at 
paragraph 6.4.2, noting that one requirement may be applied to multiple 
Configuration Items. The results are detailed in the Allocation Matrix provided at 
Appendix P. 
 
This matrix represents the Allocated Baseline. Each Configuration Item is 
specified by the applicable requirements in the matrix. The specifications are 
Type B Development Specifications. The specifications are utilised to initiate 
procurement activity or further design development. 
 
 
6.8   COTS Candidate Assessment 
 
6.8.1   Altitude Sensor 
 
Review of product catalogues established that the only commercial-off-the-
shelf altitude sensor listed that met the resolution requirements was the Sandia 
SAE5-35 Altitude Encoder. All other requirements of the Developmental 
Specification were satisfied based on the product data sheet provided at 
Appendix Q. 
 
The unit offers ‘Altitude In Flight Monitoring’ that may be utilised to provide 
additional system interlock redundancy and increase safety. The unit cost is 
US $369.00. Subject to Sponsor approval this item is recommended for 
procurement. 
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6.8.2   Microcontroller 
 
A pre-fabricated industrial microcontroller board was considered to be the most 
cost effective means of procuring a controller to satisfy the Developmental 
Specification. Review of product catalogues identified one potential candidate. 
This was the Micro/sys MCB58. The product data sheet is provided at 
Appendix R. The cost is US $95.00.  
 
This item is recommended for procurement subject to Sponsor approval and 
completion of ‘outer’ loop design. 
 
 
6.9   Conclusion:   Chapter 6 
 
Preliminary design commenced with a control scheme trade off analysis to 
establish which configuration best satisfied the defined measures of effectiveness. 
The selected candidate was the lead-lag compensator. The control scheme was 
verified via modelling utilising the MATLAB SISO Tool.  
 
With the lead-lag compensator as the control scheme the preliminary system 
architecture was defined and Configuration Items identified. Requirements from 
the System Specification and the Interface Control Document were allocated to 
each Configuration Item resulting in six Type B Developmental Specifications. 
These specifications represent the Allocated Baseline. 
 
Each Developmental Specification was assessed to establish if it could be satisfied 
by commercial-off-the-shelf components. Two candidates were identified: the 
Altitude Sensor, and the Microcontroller. Remaining Configuration Items are to 
be developed in the detailed design phase utilising the respective Developmental 
Specification.  
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CHAPTER 7 
 
DETAILED DESIGN 
 
7.1   Introduction 
 
The Developmental Specifications that comprise the Allocated Baseline are 
utilised in the detailed design phase to initiate design of the remaining 
components in the system that could not be procured. The phase was divided to 
consider the ‘inner’ and ‘outer’ loop Configuration Items in turn. The realisation 
and documentation of the developmental components, in conjunction with the 
documentation for the components procured in preliminary design, represents the 
Product Baseline. 
 
The detailed design phase comprised stages as follows: 
a. Signal Processor/Compensator (Hardware) design, 
b. Signal Processor/Compensator (Software) design, 
c. Flight Control Panel Input (Hardware) design, 
d. Flight Control Panel Output (Hardware) design, and 
e. Interlocks (Hardware) design. 
 
 
7.2   Signal Processor/Compensator (Hardware) 
 
The candidate microcontroller was selected at paragraph 6.8.2. The interface 
between the microcontroller and the altitude sensor is achieved via an RS232 
connection. This stage analyses the interface between the microcontroller and the 
existing plant.  
 
The microcontroller product data sheet details that the device can output up to +5 
VDC. The Century III drawing DWG 63D345 (Century Flight Systems Inc. 1973) 
details that the trim servo amplifier and motor requires a control signal of +14 
VDC. The drawing is provided at Appendix S. The direction of motor operation is 
determined by which pin of CD45, C or D, the control is applied to. Level 
changing will be achieved via a relay or a FET. Further development is pending 
Sponsor approval of the microcontroller procurement. 
 
 
7.3   Signal Processor/Compensator (Software) 
 
7.3.1   Compensator Control Analysis 
 
Preliminary design selected a lead-lag compensator as the control scheme. The 
control scheme was verified via continuous time modelling utilising the 
MATLAB SISO Tool. The drive to the plant from the controller in the model 
was an analogue signal. 
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The compensator transfer function that provided stability and an adequate 
response was: 
 
  C(s) = 0.148s)0.184s)(1(1
1.51s)3.21s)(1(10.0004 ++
++×−  
 
Applying a step input U(s) and utilising the MATLAB ‘residue’ command the 
output R(s) of the compensator has the form: 
 
  R(s) = U(s)C(s) 
 
  R(s) = ⎟⎠
⎞⎜⎝
⎛ ++−+××− s
1
5.4s
574.6
6.8s
751.8d0.0004  
 
  Where d = the error signal applied. 
 
Applying an inverse Laplace Transformation the output r(t) was derived: 
 
  r(t) =  d0.0004ed0.2ed0.3 5.4t6.8t ×+××−×× −−
 
For a value of d = 100, r(t) was plotted utilising MATLAB. The result is 
provided at Appendix T. The output of the compensator has a large initial drive 
that reduces and is followed up by a smaller proportional drive. 
 
Analysis of the trim servo at paragraph 7.2 established that the drive required is 
not continuous. It is representative of a ‘bang-bang’ scheme whereby the drive 
toggles between two predefined values. Emulation of large initial drive and a 
smaller follow up is achieved by varying the time the predefined values are 
applied. 
 
7.3.2   Elevator and Trim Tab Operation Analysis 
 
A ground test was performed to determine the operation of the elevator trim tab 
on the Sponsor’s aircraft. With battery power applied the trim tab was driven 
electrically to the ‘up’ limit. The angle between the tab and the elevator was 
measured. The result was 7.5 degrees. The trim tab was then driven to the 
‘down’ limit and the angle between the tab and the elevator was measured. The 
result was 15.5 degrees. The measurement fixture is detailed at Appendix U. 
 
The tabs were driven electrically between the limits to establish the total 
transition time. Upward movement was recorded as 54 seconds. Downward 
movement was recorded as 51 seconds. The average of the two tests was 52.5 
seconds. As the total movement is 23 degrees the average rate of angular 
velocity of the elevator trim tab is 0.44 degree/second. This equates to 0.0077 
rad/second. 
 
Elevator deflection is assumed to be 1.2 times the trim tab deflection angle. 
This is based on the ratio of the total deflection ranges of the elevator and the 
trim tab (Beechcraft Bonanza 36 Series Shop Manual 1980, p. 4-4). 
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7.3.3   State Space Equations – Raytheon Beechcraft Bonanza A36 
 
The general longitudinal perturbation equations of an aircraft in straight and 
level flight in state space form is (Nelson 1989, p. 126 and Franklin, et al 2002, 
p. 746): 
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(7.1) 
Where the state variables are u, w, q, θ , and h. 
 
Substituting values from Table 6.5 into equation (7.1) the state space equations 
for the general aviation airplane that is being utilised to represent the Raytheon 
Beechcraft Bonanza A36 is: 
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Where: 
 
wX = αX /U1;    /UwZ = αZ 1;    = /U.
w
M .M α 1, and   /UwM = αM 1. 
 
7.3.4   Lead-Lag Compensator Trim Tab Drive Discrete Time Simulation 
 
The variable time principle developed in paragraph 7.3.1, the control surface 
data from paragraph 7.3.2, and the state space data from paragraph 7.3.3 was 
incorporated into a discrete time simulation to test the response of the ‘inner’ 
loop to a step input of 1000 feet. Refer the MATLAB code listing at 
Appendix V. A typical response is provided at Appendix W. Varying the value 
for dt3 appeared to have the greatest impact on the response in that a resulting 
climb changed to a dive if the delay time was increased. Other variables altered 
were the coefficients for the derivative and proportional drive time. 
 
7.3.5   Simulation Conclusion 
 
Good initial response is evident. However there is a residual error that 
increases with time. Further analysis is required to determine the cause of the 
error and why the compensator did not correct it. Possible explanations are: 
a. the simulation code has an error, 
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b. incorrect mix of derivative and proportional times, 
c. the trim is at the specified limit constantly, 
d. the assumption that elevator angle is 1.2 times the trim angle is not 
correct, or 
e. a combination of the above. 
 
The trim angle – elevator angle relationship requires confirmation by a further 
flight trial. 
 
 
7.4   ‘Outer’ Loop Configuration Items 
 
The Flight Control Panel and Interlock Configuration Items have not been 
designed at the time of submission of this Dissertation. These activities will be 
undertaken post ENG4111/4112. 
 
 
7.5   Conclusion:  Chapter 7 
 
The detailed design phase at the time of submission of this Dissertation has 
analysed the interface between the selected microcontroller and the trim servo 
system. A partial hardware solution has been developed. A final solution is 
pending the procurement approval of the microcontroller. 
 
In analysing the hardware interface it was established that the drive required by 
the trim servo system is a ‘bang-bang’ type. To implement the lead-lag style of 
compensation with this drive arrangement requires control of the drive time. 
 
A simulation was developed, utilising the state space equations for the general 
aviation airplane, to test the control algorithm. The response to a step input results 
in a good initial response however, there is a residual error that increase with time. 
The error induces a climb or a dive depending on the sampling delay. Further 
analysis is required to identify the cause of this error. 
 
The ‘outer’ loop Configuration Items have not been designed. This activity will be 
ongoing. 
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CHAPTER 8 
 
CONCLUSION 
 
8.1   Introduction 
 
The Research Project Sponsor, Mr. Graham Wood (Director Aerospace 
Innovations), owns and operates a Raytheon Beechcraft Bonanza Model A36 
aircraft. The approved autopilot for the aircraft is a Century III three axis autopilot 
system. The functionality provided by the pitch axis channel lacks the 
sophistication of a modern autopilot system. Additionally, the analogue control 
modules for the respective channels are becoming increasingly unsupportable due 
to their age. 
 
 
8.2   Objectives 
 
The objectives of the Research Project were to: 
 Analyse and design a microprocessor based pitch control module to replace 
the existing pitch analogue control module in the Sponsor’s aircraft. 
 Incorporate the Sponsor’s design requirements as per the Sponsor Brief. 
 Activate the pitch trim as the means controlling the aircraft. 
 
 
8.3   Methodology 
 
The design effort was undertaken utilising the systems engineering processes 
detailed in the SEBOK. The design was performed in three phases: conceptual 
design, preliminary design, and detailed design. This methodology was utilised to 
successfully control the system baseline throughout design. Control of the aircraft 
configuration during design is an essential condition for the management of 
airworthiness. 
 
 
8.4   System Design 
 
Before the design phases were initiated a literature review was undertaken. The 
review established that activating the pitch trim tab represents a departure from 
conventional autopilot practice. Notwithstanding, the concept has been 
successfully implemented on a production aircraft, the Boeing 707.  
 
Conceptual Design established that the Sponsor’s aircraft can be controlled by 
manual manipulation of the trim tab to achieve a prompt attitude change and to 
accurately acquire and hold a desired altitude. A system specification was 
developed to reflect all stakeholders’ requirements. This represents the system 
Functional Baseline. 
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Preliminary design established a physical architecture. A trade off analysis of 
three potential control schemes recommended development of a lead-lag 
compensator control scheme. System modelling verified the controller 
architecture. ‘Inner’ and ‘outer’ control loop Configuration Items were identified. 
 
Interface requirements between the Configuration items were subsequently 
defined. These requirements and the System Specification requirements were 
analysed and allocated requirements to each Configuration Item. This represents 
the system Allocated Baseline. Commercially available components were 
identified where possible. These were the microcontroller and the altitude sensor. 
 
Detailed design analysed the control requirements for the pitch trim to identify the 
specific hardware and software requirements. It was established that the drive 
required by the trim servo system is a ‘bang-bang’ type. To implement the lead-
lag style of compensation with this drive arrangement requires control of the drive 
time. 
 
A control algorithm and discrete time simulation was developed utilising state 
space equations to test the control algorithm. The response to a step input results 
in a good initial response however, there is a residual error that increase with time. 
The error induces a climb or a dive depending on the sampling delay. 
 
8.5   Further Work 
 
Analysis is required to identify the cause of the residual error. This activity is to 
be completed as a prerequisite to the design development of the ‘outer’ loop 
Configuration Items, which at the time of submission of this Dissertation have not 
been analysed. This activity will be ongoing. 
 
Should analysis of the error establish that the performance of the control scheme 
is inadequate the design process will revert to development of another candidate 
control scheme that utilises pitch or vertical acceleration feedback. 
 
 
8.6   Conclusion:  Chapter 8 
 
The objectives of the Research Project have, to a large extent, been satisfied. All 
functional requirements of the system have been defined. The microcontroller 
hardware has been selected as has the altitude sensor. A control algorithm and 
testing environment has been developed to simulate activation of the pitch trim. 
 
Analysis of the control scheme simulated response is required to address 
performance issues. Upon completion detailed design of the ‘outer’ loop 
Configuration items can commence. 
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APPENDIX A 
 
PROJECT PLAN (SPECIFICATION) V2.0 
A-1 
 PROJECT PLAN 
 
PITCH CONTROL MODULE MICROPROCESSOR UPGRADE 
 
 
Introduction 
 
1. The purpose of this Project Plan is to disclose to the Sponsor and other key 
stakeholders the planning and control methodology to be applied to the project to 
produce the desired outcomes. The scope of the Project Plan encompasses the four 
standard project life cycle phases: Concept, Development, Implementation, and 
Finalisation. The structure adopted for the plan is as defined in the Diploma of Project 
Management (BSB51504) Participant Reference Material (ACPM 2005). 
 
Background 
 
2. The project is being undertaken to satisfy the USQ Bachelor of Engineering 
Research Project (ENG 4111/4112) requirements. The option to undertake an ‘Own 
Project’ was elected. The proposed project topic was selected to: 
 
a. develop the Project Manager/Student’s knowledge of systems engineering 
in the aeronautical sector, and 
 
b. resolve supportability issues and introduce improved functionality for the 
Sponsor’s pitch control module as installed in the Raytheon Beechcraft 
Bonanza Model A36 aircraft. 
 
3. The key stakeholders in the project are: 
 
a. Associate Professor Frank Young (USQ ENG 4111/4112 Examiner), 
 
b. Mr. Graham Wood (Sponsor), and 
 
c. Professor John Billingsley (USQ appointed Project Supervisor). 
 
d. Mr. Ian Kearsley (CASA) 
 
All stakeholders are detailed in the Stakeholder Matrix at Annex A. It will be updated as 
required. 
 
Objectives 
 
4. The objectives of the project are: 
 
a. Primary. To satisfy the USQ Bachelor of Engineering Research Project 
(ENG 4111/4112) requirements as detailed in the Project Reference Book 
(Young 2006); and 
 
b. Secondary. To analyse and design a microprocessor based control module to 
replace the existing pitch control analogue module in the Sponsor’s 
Raytheon Beechcraft Bonanza Model A36 aircraft as per the Sponsor Brief 
design requirements at Annex B.  
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Scope 
 
5. The core deliverables to achieve the stated project objectives are as follows: 
 
a. Primary. IAW ENG4111/4112 Project Reference Book (Young 2006, 
p. 47): 
 
 (1) ‘Own Project’ Proposal, 
 
 (2) Project Specification, 
 
 (3) Project Appreciation,  
 
 (4) Project Conference ‘Extended Abstract’, 
 
 (5) Partial Draft Dissertation, 
 
 (6) attendance at Residential Schools ENG3902 and ENG 4903, 
 
(7) presentation of project paper at Project Conference (part of ENG 
4903), and 
 
 (8) final Dissertation. 
 
b. Secondary. IAW the Systems Engineering Body of Knowledge 
(Faulconbridge 2001): 
 
(1) Operational Concept Document, 
 
(2) Type A (System) Specification, 
 
(3) Type B (Development) Specifications, 
 
(4) Type C (Product) Specifications (including material and process 
specifications), 
 
(5) Test and Evaluation Report, and 
 
(6) as requested by the Sponsor at the initial briefing: 
 
(a) operation and maintenance manual, and 
 
(b) Master Record Index. 
 
 
Constraints 
 
6. Milestones. The known due dates for the Research Project (ENG 4111/4112) 
deliverables are as per the ENG4111 Research Project Part 1 Introductory Book (USQ 
2006). 
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 7. Equipment. As per the Sponsor Brief at Annex B, ‘Form’ and ‘Fit’ is to duplicate 
the existing analogue module where possible and use as much as is practical of the 
existing system. 
 
8. The Sponsor’s aircraft is available for 40 hrs whilst on the ground for inspection 
and test purposes. It is available for 10 hrs of air testing. The Sponsor is to be present at 
all times and will operate the aircraft and/or systems as required. 
 
9. Personnel.  The ENG 4111/4112 Research Project is an individual activity. The 
project can only be developed by a group of students where there is clear individual 
responsibility for separate tasks. 
 
10. Standards. The design must comply with all CASA Regulations and Australian 
Standards where applicable or as otherwise stated by the Sponsor. 
 
11. Technical. A high-level computer language shall be utilised to develop the 
software solution. 
 
12. Budget. The budget shall be limited to $400. Costs associated with air testing are 
at the Sponsor’s expense. 
 
Exclusions 
 
13. The scope of this project does not include analysis or provision of in-service 
logistics support functions (Faulconbridge 2001, p. 137) including: 
 
a. maintenance personnel, 
b. training and training support, 
c. supply support, 
d. support equipment, 
e. computer resources, 
f. packaging, handling, storage, and transportation, 
g. maintenance facilities, and 
h. technical data, information systems, and database structures. 
 
 
Assumptions  
 
14. The microprocessor hardware will be commercially available ‘off the shelf’. 
Developmental components will be the software and the aircraft interfaces. The later 
will comprise commercially available piece parts were possible. 
 
Related Projects 
 
15. Nil. 
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Broad Strategy 
 
16. The main project phases proposed to achieve the stated objectives are detailed in 
Table 1 as follows: 
 
Table 1:  Project Phases 
PHASE NAME START FINISH 
1 Topic Negotiation 01 Feb 06 15 Mar 06 
2 Planning 01 Feb 06 27 Mar 06 
3 Literature Review 27 Mar 06 22 May 06 
4 Conceptual Design 22 May 06 19 Jun 06 
5 Preliminary Design 19 Jun 06 17 Jul 06 
6 Detailed Design 31 Jul 06 02 Oct 06 
7 Final Reporting 09 Oct 06 02 Nov 06 
8 Project Close-out 02 Nov 06 30 Nov 06 
 
 
Master Schedule 
 
17. The Master Schedule is retained. It will be updated as required and is available 
upon request. 
 
Budget 
 
18. A broad estimate of cost (excluding labour) is provided in Table 2. Estimates will 
be reviewed at the commencement of each phase. Actual expenses incurred will be 
recorded at the completion of each phase. 
 
Table 2:  Project Phase Cost Estimates 
PHASE NAME BEST CASE WORST CASE 
1 Topic Negotiation Nil Nil 
2 Planning Nil Nil 
3 Literature Review Nil $50 
4 Conceptual Design $50 $100 
5 Preliminary Design $50 $100 
6 Detailed Design $50 $100 
7 Final Reporting $50 $50 
8 Project Close-out Nil Nil 
Total  $200 $400 
 
 
Reporting 
 
19. USQ progress reporting requirements will be as advised by the appointed Project 
Supervisor. All other reporting requirements will be as per the Master Schedule. 
 
Risk 
 
20. The Risk Register is provided at Annex C. It includes provisions for project and 
technical risk. It will be updated as required. The risks will be identified in conjunction 
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 with key stakeholders. The risk treatment process will be as per the flowchart at Annex 
D. Annexes C and D have been reproduced from the Diploma of Project Management 
(BSB51504) Participant Reference Material (ACPM 2005, Module 5 pp. 75 & 81). Risk 
assessment will be in accordance with Australian Standard AS/NZS 4360:2004 - Risk 
Management. 
 
Quality 
 
21. The design must comply with all CASA Regulations and Australian Standards 
where applicable or as otherwise stated by the Sponsor.  
 
Contractual Issues 
 
22. For all proposed items for procurement three quotations will be obtained where 
possible. Selection will be on the basis of value for money, quality, and lead times for 
delivery. Selections will be approved by the Sponsor. 
 
Other Project Specifics 
 
23. A ‘Lessons Learned’ Register is provided at Annex E. It will be updated at the 
completion of each Phase. 
 
Approvals 
 
24. The Project Plan has been reviewed and endorsed by: 
 
NAME SIGNATURE 
Project Manager/Engineer:   Mr. Daniel Gall <Original Signed> 
Sponsor:   Mr. Graham Wood <Original Signed> 
USQ Project Supervisor:   Prof. John Billingsley <Original Signed> 
 
 
 
Annexes: 
A. Stakeholder Matrix 
B. Sponsor Brief 
C. Risk Register 
D. Risk Treatment Process 
E. Lessons Learned Register 
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ANNEX A 
 
STAKEHOLDER MATRIX 
 
POSITION NAME INFLUENCE 
  On the Project By the Project
Project Team    
Project Manager/Student 
Engineer 
Daniel Gall C C 
    
Project Organisation    
USQ Project Supervisor Professor John 
Billingsley 
M M 
USQ ENG 4111/4112 Examiner Associate Professor 
Frank Young 
C L 
    
Customer/Client    
Director Aerospace Innovations Graham Wood C C 
    
Regulatory Authorities    
CASA Ian Kearsley M L 
    
Community    
Suppliers TBA M L 
    
 
 
Influence Key 
• L – Low Impact: Support at this level an integral part of a successful project. 
• M – Medium Impact: Actions can enhance or disrupt the project. 
• H – High Impact: Capable of determining the success or otherwise of the project. 
• C – Critical: These stakeholders will determine if the proceeds or is stopped. 
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ANNEX B 
 
A-9 
ANNEX B 
A-10 
ANNEX C 
RISK REGISTER 
 
 
A-11 
ANNEX D 
RISK TREATMENT PROCESS 
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ANNEX E 
LESSON LEARNED REGISTER 
 
 
WBS ISSUE LESSON REMEDIAL ACTION 
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 SYSTEM SPECIFICATION 
 
PITCH CONTROL MODULE MICROPROCESSOR UPGRADE 
 
 
Introduction 
 
1. Aerospace Innovations owns and operates a Raytheon Beechcraft Bonanza Model 
A36 aircraft Serial Number E584. The approved autopilot system configuration for the 
aircraft (by Serial Number) is the Century III three axis autopilot. The altitude hold sub-
system comprises an operator input controller, analogue amplifier, barometric capsule, 
and servomotors to operate the control surfaces.  
 
2. The analogue amplifier is becoming increasingly unsupportable due to its age. 
The sub-system lacks the sophistication of a modern altitude hold system as it can only 
be engaged when the aircraft reaches the desired altitude. 
 
3. To resolve these deficiencies the Sponsor requests that a microprocessor based 
pitch control module be developed to replace the existing analogue amplifier. The 
Sponsor has also requested that activation of the elevator (pitch) trim tab system by the 
control module be investigated to deflect the elevator. This specification details the 
system level functional requirements that must be satisfied to address the stakeholder’s 
objectives.  
 
 
Operational 
 
4. Mission.  The pitch control module microprocessor upgrade modification shall: 
 
4.1. Provide automatic altitude control of the aircraft whilst undertaking cross 
country flights. [Essential] 
 
5. States and Modes.  The pitch control module microprocessor upgrade 
modification shall: 
 
5.1. Enable selection of the following states: 
 
 a. Off [Essential], 
 
 b. Standby [Essential], 
 
 c. Altitude Intercept [Essential], 
 
 d. Altitude Hold [Essential], and 
 
 e. Maintenance [Essential]. 
 
6. System Functions.  The pitch control module microprocessor upgrade 
modification shall: 
 
6.1. Maintain the aircraft in safe flight parameters at all times as follows: 
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 a. The G loading shall not exceed the aircraft limits in the normal 
category [Essential], 
 
b. The airspeed shall not exceed 165 knots indicated air speed 
[Essential], and 
 
c. The airspeed shall not reduce below Vs x 1.3 [Essential]. 
 
6.2. Maintain an assigned altitude: 
 
a. Based on area QNH [Essential], 
 
b. Above a minimum altitude of 500 feet [Essential], 
 
c. Below a maximum altitude of 10000 feet [Essential], and 
 
d. Within a tolerance of 10 feet. [Essential] 
 
6.3. Where the assigned altitude is not the aircraft’s current altitude enable 
interception of the assigned altitude: 
 
a. Within predetermined limits of Rates of Climb or Descent [Essential], 
or 
 
b. With a pilot assigned Rate of Climb or Descent [Desirable], and 
 
c. Have a settling time no greater than 30 seconds. [Essential] 
 
6.4. Manage the sub-system engagement and disengagement interlock logic as 
follows: 
 
 a. Whilst on the ground inhibit selection of Altitude states [Essential], 
 
b.  Whilst in take off or landing configuration inhibit selection of Altitude 
states [Essential], 
 
c. Inhibit selection of Altitude states if the safe flight parameters at 
Clause 6.1 are exceeded [Essential], 
 
d.  Deselect the Altitude states if the safe flight parameters at Clause 6.1 
are exceeded [Essential], 
 
e. Deselect the Altitude states if any Built in Test parameter is outside 
limits [Essential], 
 
f. Automatically transition from the Altitude Intercept state to the 
Altitude Hold state upon acquisition of the desired altitude [Essential], 
and 
 
g. Provide a redundant means to deselect the Altitude states [Essential]. 
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 6.5 In all states, excluding the Off state, continuously monitor and report the 
integrity of the sub-system via Built in Test. [Essential] 
 
 
Configuration 
 
7. Hardware Components.  The pitch control module microprocessor upgrade 
modification shall: 
 
7.1 Utilise existing aircraft components were possible. [Important] 
 
7.2 Duplicate the existing analogue amplifier module form and fit. [Desirable] 
 
8. Software Components.  The pitch control module microprocessor upgrade 
modification shall: 
 
 8.1 Utilise a high level computer language for development of the software 
solution. [Important] 
 
 
Interfaces 
 
9. Aircraft General.  The pitch control module microprocessor upgrade 
modification shall: 
 
9.1 Not degrade the type certification of the aircraft including existing 
component qualifications. [Essential] 
 
10. Aircraft Structure.  The pitch control module microprocessor upgrade 
modification shall: 
 
 10.1 Mount hardware on tertiary aircraft structure. [Essential] 
 
10.2 Mount hardware to withstand a crash load of 9G. [Essential] 
 
10.3 Utilise hardware material that will not initiate corrosion when mounted as 
per clause 10.1. [Essential] 
 
10.4 Have a combined hardware weight of no more than 10 kgs. [Important] 
 
10.5 Not alter the Centre of Gravity by greater than 1% of the Mean 
Aerodynamic Chord. [Essential] 
 
11. Aircraft Systems.  The pitch control module microprocessor upgrade 
modification shall: 
 
11.1 Utilise the aircraft 14 VDC power source. [Essential] 
 
11.2 Operate correctly when the aircraft power is within the specified tolerances. 
[Essential] 
 
11.3 Not increase the existing electrical load by greater than 3A. [Important] 
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11.4 Utilise the aircraft airspeed indicating system to obtain airspeed data. 
[Desirable] 
 
11.5 Activate the trim tab servo system as the means of controlling the aircraft. 
[Desirable] 
 
11.6 Not command the trim tab position beyond the specified limits. [Essential] 
 
12. Other Platforms.  The pitch control module microprocessor upgrade 
modification shall: 
 
12.1 Be reconfigurable to enable retrofitting into any light aircraft with a similar 
generation altitude hold sub-system manufactured between 1970 – 1990. 
[Desirable] 
 
13. Human.  The pitch control module microprocessor upgrade modification shall: 
 
13.1 Enable pilot inputs as follows: 
 
a. Control of the assigned altitude [Essential], 
 
b. Control of the rate of climb or descent [Important], 
 
c. Selection of the type of climb/descent based on range or angle 
[Desirable], 
 
d. Compensation of barometric altitude for QNH [Essential]. 
 
13.2 Provide pilot displays as follows:  
 
a. Status of the BIT [Essential], 
 
b. Required Altitude [Essential], 
 
c. Actual altitude [Desirable], 
 
d. Altitude error [Desirable], 
 
e. Required rate of climb/descent [Desirable], 
 
f. Applicable warnings to indicate that the system has disengaged upon 
detection of an exceeded safe flight parameter limit [Essential], and 
 
g. Applicable cautions to indicate when safe flight parameters are 
approaching limits [Desirable]. 
 
13.3 Utilise only existing free cockpit real estate to install controls and displays. 
[Essential] 
 
13.4 Utilise display types that are readable in direct sunlight. [Essential] 
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 13.5 Utilise display lighting that is adjustable for night operation. [Essential] 
 
 
Constraints 
 
14. Australian Civil Aviation Safety Authority.  The pitch control module 
microprocessor upgrade modification shall: 
 
14.1 Comply with the applicable US Federal Aviation Administration 
requirements. [Essential] 
 
15. US Federal Aviation Administration.  The pitch control module microprocessor 
upgrade modification shall: 
 
15.1 Satisfy the requirements of Technical Standard Order TSO-C9 - Automatic 
Pilots (15/9/1960) as follows: 
 
a. Have appropriate marking of materials, parts, processes, and 
appliances as follows: 
 
(1). Name and address of manufacturer responsible for compliance 
[Essential], 
 
 (2) Equipment name, or type, or model designation [Essential], 
 
 (3) Weight to the nearest pound and fraction thereof [Essential], 
 
 (4) Serial number and/or date of manufacture [Essential],  
 
 (5) Range and/or rating if definable [Essential], and 
 
 (6) Applicable Technical Standard Order (TSO) Number 
[Essential]. 
 
b. Meet the standards set forth in SAE Aeronautical Standard AS-402B – 
Automatic Pilots dated July 2001, provided at Enclosure 1 [Essential], 
with the exceptions listed in sub-paragraph (1) and the additions listed 
in sub-paragraph (2) as follows: 
 
 (1) Exceptions. 
 
(i) Conformance with Section 3.1, 3.1.1, 3.1.2, and 3.2 is not 
required. 
 
(ii) Substitute the following for Section 7: Performance tests. 
The following tests, in addition to any others deemed 
necessary by the manufacturer, shall be the basis for 
determining compliance with the performance 
requirements of this standard. 
 
(2) Additions. In addition to the means of indication specified in 
Section 4.3 the following shall be included: 
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(i) Means shall be provided to readily indicate to the pilot in 
appositive manner when each phase of the primary power 
(voltage and/or current) to the automatic pilot is not 
adequate for safe operation. [Essential] 
 
(ii) A visual means shall be provided to indicate readily to the 
pilot in appositive manner when the automatic pilot is not 
engaged to the airborne navigation reference. [Essential] 
 
  c. Be supported by the following minimum data requirements: 
 
  (1) Manufacturer’s operating instructions [Essential], 
 
  (2) Manufacturer’s typical installation instructions [Essential], 
 
  (3) Exploded views for each major component of the system 
[Essential], 
 
(4) Schematic diagrams for each major component of the system 
[Essential], and  
 
  (5) The manufacturer’s compliance test report [Essential]. 
 
15.2 Satisfy the requirements of Federal Aviation Regulation Part 23 Section 
23.1329 (03/11/1996) for installation of automatic pilot systems as follows: 
 
a. Each system must be designed so that the automatic pilot can: 
 
(1) Be quickly and positively disengaged by the pilot to prevent it 
from interfering with their control of the airplane; or  
 
(2) Be sufficiently overpowered by one pilot to let him control the 
airplane. [Essential] 
 
b. If the provisions of paragraph a.(1) of this section are applied, the 
quick release (emergency) control must be located on the control 
wheel (both control wheels if the airplane can be operated from either 
pilot seat) on the side opposite the throttles, or on the stick control, 
(both stick controls, if the airplane can be operated from either pilot 
seat) such that it can be operated without moving the hand from its 
normal position on the control. [Essential] 
 
c. Unless there is automatic synchronization, each system must have a 
means to readily indicate to the pilot the alignment of the actuating 
device in relation to the control system it operates. [Essential] 
 
d. Each manually operated control for the system operation must be 
readily accessible to the pilot. Each control must operate in the same 
plane and sense of motion as specified in Section 23.779 for cockpit 
controls. The direction of motion must be plainly indicated on or near 
each control. [Essential] 
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e. Each system must be designed and adjusted so that, within the range 
of adjustment available to the pilot, it cannot produce hazardous loads 
on the airplane or create hazardous deviations in the flight path, under 
any flight condition appropriate to its use, either during normal 
operation or in the event of a malfunction, assuming that corrective 
action begins within a reasonable period of time. [Essential] 
 
f. Each system must be designed so that single malfunction will not 
produce a hardover signal in more than one control axis. If the 
automatic pilot integrates signals from auxiliary controls or furnishes 
signals for operation of other equipment, positive interlocks and 
sequencing of engagement to prevent improper operation are required. 
[Essential] 
 
g. There must be protection against adverse interaction of integrated 
components, resulting from a malfunction. [Essential] 
 
h. If the automatic pilot system can be coupled to airborne navigation 
equipment, means must be provided to indicate to the flight crew the 
current mode of operation. Selector switch position is not acceptable 
as a means of indication. [Essential] 
 
16. Air Services Australia.  The pitch control module microprocessor upgrade 
modification shall: 
 
 16.1 Enable the pilot to control altitude IAW Departure and Approach 
Procedures published for each major Australian airfield. 
 
17. Standards.  The pitch control module microprocessor upgrade modification shall: 
 
17.1 Satisfy the EMI/EMC requirements of MIL STD 461/464. [Essential] 
 
 
Quality 
 
18. Manufacturing & Workmanship.  The pitch control module microprocessor 
upgrade modification shall: 
 
18.1 Be installed IAW the requirements Federal Aviation Authority Advisory 
Circular AC43.13-1A, AC 43.13-2A, and AC 65-9A. [Essential]    
 
19. Reliability.  The pitch control module microprocessor upgrade modification shall: 
 
 19.1 Utilise components that have a minimum MTBF of 1000 hours. [Important] 
 
20. Maintainability.  The pitch control module microprocessor upgrade modification 
shall: 
 
20.1 Have Line Replaceable Units that are replaceable within 2.0 hours. 
[Important] 
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 20.2 Have Line Replaceable Units that are replaceable with standard tools. 
[Important] 
 
20.3 Utilise standard test equipment for fault finding to the LRU level. 
[Important] 
 
 
Verification 
 
21. Requirements verification shall be accomplished by Inspection, Similarity, 
Analysis, Test, or a combination of those methods. [Essential] 
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RAYTHEON BEECHCRAFT BONANZA A36 
REFERENCE DATA 
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RAYTHEON BEECHCRAFT BONANZA A36 
PHUGOID TEST DATA 
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MATLAB SISO TOOL DEVELOPMENT 
ENVIRONMENT 
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MATLAB TRANSFER FUNCTION DATA 
M-1 
  
 
>> SERVO 
  
TRANSFER FUNCTION: 
  10 
------ 
S + 10 
  
>> ALTELEV_TF 
  
TRANSFER FUNCTION: 
   4946 S^3 + 4787 S^2 - 7.001E005 S - 1.156E004 
---------------------------------------------------- 
176 S^5 + 844.2 S^4 + 2234 S^3 + 116.5 S^2 + 104.4 S 
  
>> BONPLANT = SERVO * ALTELEV_TF 
  
TRANSFER FUNCTION: 
             49456 S^3 + 47872 S^2 - 7.001E006 S - 115632 
---------------------------------------------------------------------- 
176 S^6 + 2604 S^5 + 1.068E004 S^4 + 2.246E004 S^3 + 1269 S^2 + 1044 S 
  
>> SENSOR 
  
ZERO/POLE/GAIN: 
  1 
----- 
(S+1) 
  
>> 
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MATLAB SISO TOOL LEAD LAG 
COMPENSATOR STEP RESPONSE 
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INTERFACE CONTROL DOCUMENT 
O-1 
 INTERFACE CONTROL DOCUMENT 
 
PITCH CONTROL MODULE MICROPROCESSOR UPGRADE 
 
Existing Plant Environment – Altitude Sensor Interface 
 
1. Environmental.  The Altitude Sensor CI shall satisfy the requirements of TSO 
C88. 
 
 
Altitude Sensor – Signal Processor/Compensator Interface 
 
2. Physical.  The Altitude Sensor and Signal Processor/Compensator CIs shall have 
provisions for electrical connectors to facilitate the transfer of altitude data. 
 
3. Electronic.  The Signal Processor/Compensator CI shall be capable of receiving 
the data format available from the Altitude Sensor CI. 
 
4. Electrical.  The voltage levels are not to exceed 14VDC. 
 
 
Signal Processor/Compensator - Existing Plant Interface 
 
5. Physical.  The Signal Processor/Compensator CI shall have provisions for 
electrical connectors to facilitate the transfer of control data to the existing plant. 
 
6. Electronic.  The control signal provided by the Signal Processor/Compensator CI 
shall be capable of having polarity reversed to facilitate trim servo operation in both 
directions. 
 
7. Electrical.  The voltage levels are to be 14VDC. 
 
 
Flight Control Panel (Input and Output) - Signal Processor/Compensator Interface 
 
8. Physical.  The Flight Control Panel and Signal Processor/Compensator CIs shall 
have provisions for electrical connectors to facilitate the transfer of control and display 
data. 
 
9. Electronic.  The Signal Processor/Compensator CI shall be capable of receiving 
and transmitting the data format required by the Flight Control Panel. 
 
10. Electrical.  The voltage levels are not to exceed 14VDC. 
 
 
Interlocks - Signal Processor/Compensator Interface 
 
11. Physical.  The Interlock and Signal Processor/Compensator CIs shall have 
provisions for electrical connectors to facilitate the transfer of control data. 
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 12. Electronic.  The Signal Processor/Compensator CI shall be capable of receiving 
and transmitting the data format required by the Interlock CI. 
 
13. Electrical.  The voltage levels are not to exceed 14VDC. 
 
 
Interlocks – Existing Plant Interface 
 
14. Physical.  The Interlock CIs shall have provisions for electrical connectors to 
facilitate the isolation of control data from the existing plant. 
 
15. Electrical.  The voltage levels are not to exceed 14VDC. 
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SYSTEM CONFIGURATION ITEM ALLOCATION 
MATRIX 
 
 
 
DATA AVAILABLE ON CD VERSION OF DISSERTATION ONLY 
AS A SUPPLEMENTAL FILE 
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SANDIA SAE5-35 ALTITUDE ENCODER DATA 
SHEET 
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MICRO/SYS MCB58 INDUSTRIAL 
MICROCONTROLLER DATA SHEET 
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R-2 
  
R-3 
  
R-4 
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CENTURY III DWG 63D354 
S-1 
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MATLAB PLOT LEAD-LAG COMPENSATOR 
STEP RESPONSE 
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TRIM TAB DEFLECTION MEASUREMENT 
FIXTURE 
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MATLAB DISCRETE TIME SIMULATION CODE 
LISTING 
V-1 
  
%  DETAILED DESIGN: COMPENSATOR SOFTWARE CONFIGURATION ITEM 
%  BEECHCRAFT BONANZA PITCH CONTROL MODULE 
%  DRAFTED BY: DANIEL GALL Q9721690 
 
 
%  ASSUMPTIONS 
%%  AIRCRAFT IS TRIMMED FOR STRAIGHT AND LEVEL FLIGHT 
%%  PILOT APPLIES POWER AS REQUIRED TO MAINTAIN CONSTANT INDICATED 
AIRSPEED 
%%  ELEVATOR DEFLECTION ANGLE IS 1.2 TIMES ELEVATOR TRIM TAB ANGLE 
%%  MAX ALTITUDE DIFFERENCE IS 10000 - 1000 = 9000 FT 
%%  MAX DESIRED CLIMB RATE OF 1000 FT/MIN IS ACHIEVED BY 1.5 SEC PULSE TO TRIM 
TAB  
 
CLC 
CLEAR ALL 
 
%  DEFINE VARIABLES 
DT1 = 0.1;      %  (SEC) 
DT2 = 0.04; 
DT3 = 0.1; 
T = 0;                       %  MASTER COUNTER 
PAA = 3000;                  %  PILOT ASSIGNED ALTITUDE (FT) 
ALT = 2000;                  %  AIRCRAFT INITIAL ALTITUDE (FT) 
 
 
%  DEFINE INITIAL VALUES 
U = 176;                    %  AIRCRAFT VELOCITY X AXIS (FORWARD-AFT)(FT/SEC) 
UDOT = 0;                   %  ACCELERATION IN AIRCRAFT X AXIS (FORWARD-AFT)(FT/SEC^2) 
W = 0;                      %  AIRCRAFT VELOCITY Y AXIS (UP-DOWN)(FT/SEC) 
WDOT = 0;                   %  ACCELERATION IN Y AXIS (UP-DOWN)(FT/SEC^2) 
Q = 0;                      %  ANGULAR VELOCITY ABOUT Y AXIS (THRU WINGS)(RAD/SEC) 
QDOT = 0;                   %  ANGULAR ACCELERATION ABOUT Y AXIS (THRU 
WINGS)(RAD/SEC^2) 
PHETA = 0;                  %  PITCH ANGLE (RAD) 
PHETADOT = 0;               %  RATE OF CHANGE OF PITCH ANGLE (RAD/SEC) 
HDOT = 0;                   %  RATE OF CHANGE OF ALTITUDE 
TRIMANGLE = 0;    %  ELEVATOR TRIM TAB STARTING ANGLE (RAD)  
ELEVANGLE = 0;              %  ELEVATOR STARTING ANGLE (RAD) 
PITCHANGLE = 0;             %  AIRCRAFT PITCH STARTING ANGLE (RAD) 
ALTRATE = 0;                %  INITIAL RATE OF CLIMB/DIVE (FT/SEC)                
 
 
FOR T1 = 0:DT1:20; 
T1 
%  DETERMINE ALTITUDE ERROR 
    ERROR = PAA - ALT; 
     
%  DETERMINE TRIM DERIVATIVE DRIVE TIME 
    DERIVDRIVETIME = 1.5*ERROR/1000; 
     
%  LIMIT DERIVATIVE DRIVE TIME 
    IF DERIVDRIVETIME > 1.5; 
        DERIVDRIVETIME = 1.5; 
    ELSEIF DERIVDRIVETIME < -1.5; 
        DERIVDRIVETIME = -1.5; 
    END 
      
%  DETERMINE TRIM PROPORTIONAL DRIVE TIME 
    PROPDRIVETIME = 1.0*ERROR/1000; 
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%  LIMIT PROPORTIONAL DRIVE TIME 
    IF  PROPDRIVETIME > 1.0; 
        PROPDRIVETIME = 1.0; 
    ELSEIF PROPDRIVETIME < -1.0; 
        PROPDRIVETIME = -1.0; 
    END 
        
%  CONTROL CORRECTION TIME 
    CONTCORTIME = DERIVDRIVETIME - PROPDRIVETIME; 
     
%  TO CLIMB 
    IF ERROR > 10;                          % PROVIDE TOLERANCE 
        FOR T2 = 0:DT2:DERIVDRIVETIME;      % APPLY INITIAL DERIVATIVE DRIVE TO TRIM 
TAB  
            TRIMANGLE = TRIMANGLE - 0.00032; % SIMULATE TAB MOVEMENT 
            IF TRIMANGLE < -0.0212;          % LIMIT TRIM TAB TO 0.012 RAD 
                TRIMANGLE = -0.0212; 
            ELSE 
                TRIMANGLE = TRIMANGLE; 
            END 
            ELEVANGLE = -1.2*TRIMANGLE;     % SIMULATE ELEVATOR MOVEMENT 
            UDOT = -0.045*U + 0.036*W + -32.19*PHETA;    % SIMULATE AIRCRAFT RESPONSE 
            WDOT = -0.369*U + -2.02*W + 176*Q + -28.13*ELEVANGLE; 
            QDOT = 0.0018*U + -0.0398*W + -2.954*Q + -11.73*ELEVANGLE; 
            PHETADOT = Q; 
            HDOT = -W + 176*PHETA; 
            U = U + UDOT*DT2; 
            W = W + WDOT*DT2; 
            Q = Q + QDOT*DT2; 
            PHETA = PHETA + PHETADOT*DT2; 
            ALT = ALT + HDOT*DT2; 
            T = T + 1; 
            COUNT(T) = T; 
            ALTRESULT(T) = ALT; 
      END 
        FOR T2 = 0:DT2:CONTCORTIME;         % APPLY PROPORTIONAL DRIVE TO TRIM TAB 
            TRIMANGLE = TRIMANGLE + 0.00032; % SIMULATE TAB MOVEMENT 
            IF TRIMANGLE > 0.0212;           % LIMIT TRIM TAB TO 0.012 RAD 
                TRIMANGLE = 0.0212; 
            ELSE 
                TRIMANGLE = TRIMANGLE; 
            END 
            ELEVANGLE = -1.2*TRIMANGLE;     % SIMULATE ELEVATOR MOVEMENT 
            UDOT = -0.045*U + 0.036*W + -32.19*PHETA;    % SIMULATE AIRCRAFT RESPONSE 
            WDOT = -0.369*U + -2.02*W + 176*Q + -28.13*ELEVANGLE; 
            QDOT = 0.0018*U + -0.0398*W + -2.954*Q + -11.73*ELEVANGLE; 
            PHETADOT = Q; 
            HDOT = -W + 176*PHETA; 
            U = U + UDOT*DT2; 
            W = W + WDOT*DT2; 
            Q = Q + QDOT*DT2; 
            PHETA = PHETA + PHETADOT*DT2; 
            ALT = ALT + HDOT*DT2; 
            T = T + 1; 
            COUNT(T) = T; 
            ALTRESULT(T) = ALT; 
        END 
         
%  TO DIVE         
    ELSEIF ERROR <-10;                       % PROVIDE TOLERANCE 
         FOR T2 = 0:-DT2:DERIVDRIVETIME;     % APPLY INITIAL DERIVATIVE DRIVE TO TRIM 
TAB  
             TRIMANGLE = TRIMANGLE + 0.00032; % SIMULATE TAB MOVEMENT 
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             IF TRIMANGLE > 0.0212;           % LIMIT TRIM TAB TO 0.012 RAD 
                TRIMANGLE = 0.0212; 
             ELSE 
                TRIMANGLE = TRIMANGLE; 
             END 
             ELEVANGLE = -1.2*TRIMANGLE;     % SIMULATE ELEVATOR MOVEMENT 
             UDOT = -0.045*U + 0.036*W + -32.19*PHETA;    % SIMULATE AIRCRAFT RESPONSE 
             WDOT = -0.369*U + -2.02*W + 176*Q + -28.13*ELEVANGLE; 
             QDOT = 0.0018*U + -0.0398*W + -2.954*Q + -11.73*ELEVANGLE; 
             PHETADOT = Q; 
             HDOT = -W + 176*PHETA; 
             U = U + UDOT*DT2; 
             W = W + WDOT*DT2; 
             Q = Q + QDOT*DT2; 
             PHETA = PHETA + PHETADOT*DT2; 
             ALT = ALT + HDOT*DT2; 
             T = T + 1; 
             COUNT(T) = T; 
             ALTRESULT(T) = ALT; 
        END 
        FOR T2 = 0:DT2:CONTCORTIME;          % APPLY PROPORTIONAL DRIVE TO TRIM TAB 
            TRIMANGLE = TRIMANGLE - 0.00032;  % SIMULATE TAB MOVEMENT 
            IF TRIMANGLE < -0.0212;           % LIMIT TRIM TAB TO 0.012 RAD 
                TRIMANGLE = -0.0212; 
            ELSE 
                TRIMANGLE = TRIMANGLE; 
            END 
            ELEVANGLE = -1.2*TRIMANGLE;     % SIMULATE ELEVATOR MOVEMENT 
            UDOT = -0.045*U + 0.036*W + -32.19*PHETA;    % SIMULATE AIRCRAFT RESPONSE 
            WDOT = -0.369*U + -2.02*W + 176*Q + -28.13*ELEVANGLE; 
            QDOT = 0.0018*U + -0.0398*W + -2.954*Q + -11.73*ELEVANGLE; 
            PHETADOT = Q; 
            HDOT = -W + 176*PHETA; 
            U = U + UDOT*DT2; 
            W = W + WDOT*DT2; 
            Q = Q + QDOT*DT2; 
            PHETA = PHETA + PHETADOT*DT2; 
            ALT = ALT + HDOT*DT2; 
            T = T + 1; 
            COUNT(T) = T; 
            ALTRESULT(T) = ALT; 
        END 
    END 
     
% SIMULATE FLIGHT DURING SAMPLE DELAY 
    FOR T3 = 0:DT3:1; 
         UDOT = -0.045*U + 0.036*W + -32.19*PHETA;    % SIMULATE AIRCRAFT RESPONSE 
         WDOT = -0.369*U + -2.02*W + 176*Q + -28.13*ELEVANGLE; 
         QDOT = 0.0018*U + -0.0398*W + -2.954*Q + -11.73*ELEVANGLE; 
         PHETADOT = Q; 
         HDOT = -W + 176*PHETA; 
         U = U + UDOT*DT3; 
         W = W + WDOT*DT3; 
         Q = Q + QDOT*DT3; 
         PHETA = PHETA + PHETADOT*DT3; 
         ALT = ALT + HDOT*DT3 
         T = T + 1 
         COUNT(T) = T; 
         ALTRESULT(T) = ALT; 
     END 
END            
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%  PLOT RESPONSE 
PLOT(COUNT, ALTRESULT) 
GRID, XLABEL ('TIME (S)'), YLABEL ('ALTITUDE (FEET)') 
TITLE ('PLOT ALTITUDE V TIME') 
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SIMULATION 
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